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PREFACE. 



This Work is intended as a Manual for Medical 

Students. The original plan was to embody in it 

only such matter as was absolutely required for the 

first year's student in the Medical Schools ; but this 

plan was not carried out, since the book would then 

have been, in some measure, incomplete as a Manual 

of Histology. The work contains a good deal that 

will be acceptable to the advanced student, as well 

as to the beginner. 

My best thanks are due to Mr. Charles Berjeau, 

F.L.S., for the readiness and artistic skill with which 

he has executed the illustrations on wood. Some of 

the figures are coi)ied from the " Atlas of Histology," 

others from the "Handbook for the Physiological 

Laboratory." The former are marked "Atlas," the 

latter "Handbook." 

E. KLEIN. 

May, 1883. 



CONTENTS. 



CHAPTER L PAGE 
Cells 1 

CHAPTER IL 
Blood 10 

CHAPTER in. 
Epithelium 16 

CHAPTER IV. 

EXDOTHELIXTM 25 

CHAPTER V. 
Fibrous Connective Tissues 31 

CHAPTER VI. 
Cartilage 45 

CHAPTER Vn. 
Bone ^ 

CHAPTER Vni. 
Non-striped Muscular Tissue 63 

CHAPTER IX. 
Striped Muscular Tissue 66 

CHAPTER X. 
The Heart and Blood-vessels 74 

CHAPTER XI. 
The Lymphatic Vessels 84 



X Elements of Histology, 

CHAPTER Xn. PAGE 
SiMPLB Lymphatic Glands 92 

CHAPTER Xm. 
Compound Lymphatic Glands 98 

CHAPTER XIV. 
Nerve-fibrbs 103 

CHAPTER XV. 
Peripheral Nerve-endings 115 

CHAPTER XVI. 
The Spinal Cord 127 

CHAPTER XVn. 
The Medulla Oblonoata 142 

CHAPTER XVIIL 
The Cerebrum and Cerebellum 149 

CHAPTER XIX. 
The Cerebro-spinal Ganolia 163 

CHAPTER XX. 
The Sympathetic System 166 

CHAPTER XXL 
Teeth 171 

CHAPTER XXII. 
The Salivary Glands 178 

CHAPTER XXIIL 
The Mouth, Pharynx, and Tongue 187 

CHAPTER XXIV. 
The oesophagus and Stomach 194 

CHAPTER XXV. 
The Small and Large Intestine 201 



Contents, xi 

CHAPTER XXVI. page 

The Glands of Brunner, and the Pancreas . . .208 

CHAPTER XXVn. 
The Liver 210 

CHAPTER XXVm. 
The Organs of Respiration 215 

CHAPTER XXIX. 
The Spleen 225 

CHAPTER XXX. 
The Kidney, Ureter, and Bladder 229 

CHAPTER XXXL 
The Male Genital Organs 244 

CHAPTER XXXn. 
The Female Genital Organs 257 

CHAPTER XXXm. 
The Mammary Gland 270 

CHAPTER XXXIV. 
The Skin 274 

CHAPTER XXXV. 
The Conjunctiva and its Glands 291 

CHAPTER XXXVI. 
The Cornea, Sclerotic, Lioamentum Pectinatum, and 
CiUARY Muscle 295 

CHAPTER XXXVn. 
The Iris, Ciliary Processes, and Choroidea . . .300 

CHAPTER XXXVni. 
The Lens and Vitreous Body 305 

CHAPTER XXXIX. 
The Retina 308 



xii Elements of Histology, 

CHAPTER XL. page 
The Outer and Middle Ear 318 

CHAPTER XLI. 
The Internal Ear . . 320 

CHAPTER XLH. 
The Nasal Mucous Membrane 333 

CHAPTER XLHI. 
The Ductless Glands 338 

Index 3i3 



Elements of Histology. 



CHAPTER I. 



1. The ripe ovum (Fig. 1) of man and mamnialBifl 
a minute spherical clump of a soft, gelatinous, trans- 
parent^ granular-looking substance, containing nume- 
rous minute particles — yolk 
globules. It is invested 
by a vertically-striated deli- 
cate membrane, called the 
zona pellucida. Inside this 
clump, and aitnated more 
or less excentrieally, is a 
. vesicle — the germi/nal vesicle 
— and inside this, one or more 
solid spots — the germinal 
apot or spots. Th» gela- 
tinous transparent substance 
of the ovum, containing a 
very large percentage of proteid material, is called 
IVotoplaam. Before and immediately after fertilisa- 
tion, tiie protoplasm of the ovum shows distinct move- 
ment, consisting in contraction and expansion. These 
movements are spontaneous — 1.«,, not caused by any 
directly visible external influence. 

The diameter of the ripe ovum in man and domestic 
animals varies between j^ and j^^ of an inch. But 
before it ripens the ovum is considerably smaller— in 
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fact, its size is in prt^rtion to its state of develop- 

2. Fertilisation causes marked changes in the 
contractioiu of the protoplasm of ^e ovum ; these 




Vif. B.— Tnm » Saottoii thronili tlw BlHtDaenn of Cbiofc, anisaiilMted. 

a. Cell! fonBlBK the Ktodem : 1^ Mli tannins Uk nUMsna ; e, luge 

tannulie ccUi ; /, KtnunU'laB CUTllT. {Hundliaak.) 

lead to cleavage or division of its body into two parts, 
the germinal vesicle having previouBly ^lit up into 
two bodies or nudei , ao that we now find the ovum 





Fig. Si.— From > Section throngb the Badlmsnt of the EmlnTO Cbick. 
** UiUlJIr^^Ddle^lupededllUlbebiriuti 



baa originated two new elements, each of which con- 
sists of protoplasm, of the some substance as tiiat of 
the original ovum, and each contains one nucleus or 
kemeL The investment of the ovum takes no part in 



tiiis process of division. Not long after, each of the 
two dan^ter elements undergoes cleavage o. 
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into two new elements, the nucleus having previously 
divided into two, so that each of the new offspring 
poBBeeses itn own nucleus. This process of division is 
otmtinued in the tame manner for many generati(»u 
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(Figs. 2, 3a, 3b}, bo that after a few daya we find 
within the original inveatment of the ovum a large 
Qumher of miunte elements, each consisting of 
protoplasm, and each containing a nucleus. 

3. From these elements, 'wLich become smaller as 
the process of cleavage progresses, all parts and organs 
of the embryo and its membranes are formed. It con 
be easily shown that the individual elements possess 
the power of contractility. Either spontaneously or 
under the influence of moderate heat, electricity, 
mechanical or chemical stimulation, they throw out 
processes and withdraw them again, their substance 
flowing slowly but perceptibly along. Hence they 
can change their position. In this respect they com- 
pletely resemble those lowest organisms which are 
known as amoebie, each of these being likewise a 
nucleated mass of protoplasm. Wherefore this move- 
ment is termed aiiu^ind Toovement. It can be further 
shown that they, like amosbfe, grow in size and divide 
— that is to say, the individuals of a generation grow 
in size before each gives rise to two new daughter 
individuals. 

4. Although for some time during embryonal life 
the elements constituting the organs of the embryo are 
possessed of these characters, a time arrives when 
only a limited number of them retain the power of 
contractility in any marked degree. At birth only the 
white corpuscles of the blood and lymph, many of the 
elements of the lymphatic organs, and the muscular 
tissues, possess this power, while the others lose it^ 
or at any rate do not show it except when dividing 
into two new elements. Some of these elements 
retain their protoplasmic basis ; as a rule, each con- 
tains one nucleus (but some two or more) and iS 
capable of giving origin by division to a new genem- 
tion. Others, however, change their nature alti^ther, 
their protoplasm and nucleus disappear, and they 
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give origin to material other than protoplasm — 6.^., 
collagenous, osseous, elastic, and other substances. 

5. Banning with the ovum, and ending with the 
protoplasmic nucleated elements found in the organs 
and tissues' of the embryo and adult, we have, then, 
one uninterrupted series of generations of elements, 
which wiHi Schwann we call ceVs and with Briicke 
dmhentary orgcmisms. Of these it can be said that 
not only is each of them derived from a cell ( Virchow : 
omnis ceUuUi a ceUula\ but each consists of the 
protoplasm of Max Schultze (Sarcode of Dujardin), 

Fig. 4.— Amoeboid moToment of a White Blood Corpuscle of Man ; 
various phases of movement. (Handbook.) 

is without any investing membrane, and includes 
generally one nucleus, but may contain two or more. 
We can further say that each of these cells shows the 
phenomenon of growth, which presupposes nutrition, 
and reproduction. All of them in an early stage of 
their life history, and some of them throughout it, 
show the phenomenon of contractility, or amoeboid 
movement (Fig. 4.) 

Cells differ in shape according to kind, locality, 
and function, being spherical, irregular, polygonal, 
squamous, branched, spindle-shaped, cylindrical, pris- 
matic, or conicaL These various shapes will be more 
fully described when dealing in detail with the various 
kinds of cells. Cells in man and mammals differ in 
size within considerable limits : from the size of a 
small white blood corpuscle of about j-^o^ of an inch 
to that of a large ganglion cell in the anterior horns of 
the spinal cord of about -5-^ of an inch, or to that of a 



6 Elements of Histology, [Cbap. i. 

multinucleated cell of the bone marrow — ^myeloplax — 
some of which surpass in size even the ganglioii cells. 
The same holds good of the nucleus. Between the 
nucleus of a ganglion cell of about ^^ to y^inr ^^ ^^ 
inch in diameter and the nucleus of a white blood 

corpuscle of about -ginnr ^ loooo ^^ ^^ inx^ and less 
there are all intermediate sizes. 

6. Protoplasm is a transparent homogeneous or 
ffranular-lookine substance. On very careful examina- 
tion with good^and high powers, and especially when 
examined with certain reagents, in many instances it 
shows a more or less definite structure, composed of 
fibrils, more or less regular, and in some instances 
grouped into a honeycombed or fibrillar reticulum 
in the meshes of which is a homogeneous interstitial 
substance. The closer the meshes of the reticulum, 
the less there is of this interstitial suljstance, and the 
more regularly granular does it appear. In the meshes 
of the reticulum, however, may be included larger or 
smaller granules of fat, pigment, or other materiaL 
Water makes protoplasm swell up, and ultimately 
become disintegrated ; so do dilute acids and alkalies. 
All substances that coagulate proteids have the same 
effect on protoplasm. 

7. The nucleus, the size of which is generally in 
proportion to that of the cell, is usually spherical or 
oval. It is composed of a more or less distinct invest- 
ing cuticle and the nuclear contents, which are in the 
ripe state arranged as an irregular or regular network, 
the parts of which may be uniform fibrils or septa, or 
irregularly-shaped trabeculse. In the life history of 
each nucleus there may be stages in which one or more 
clumps or nucleoli are present in the nuclear network 
The substance of the nucleus differs chemically from 
that of the cell, the former containing. wi^cZem. 

Immediately before division the nuclear membrane 
disappears, and also immediately after division the 
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nuelear matter shows no definite boundary. The 
nuclear membrane when present is a condensed outer 
stratum of the nuclear matter. 

In some instances it can be shown that the 
nuclear fibrils are in continuity with the fibrils of the 
c^ substanca In the moving white blood corpuscles 
Strieker and Unger have seen the nucleus becoming 
(me with the ceUx substance, and again afterwards 
differentiated by the appearance of a membrane. 

8. During division of the cell the nucleus 
divides generally before the cell protoplasm. This 
division of the nucleus has previously been supposed 
to occur in the s&me manner as that of the cell pro- 
toplasm — i.e., by simple cleavage. This mode is called 
the direct division, or Remak's mode of division. 
In this division the nucleus is supposed to become 
constricted, kidney-shaped and hour-glass shaped, and 
if the division is into more than two, lobed. Nuclei 
of these shapes are not uncommon ; but they need not 
necessarily indicate direct division, because, beimr 
very soft Luctures. pressure exert^ from outeide,^ 
the motion of the cell protoplasm, may produce these 
shapes ; and, further, the contractility of the nucleus 
may and occasionally has been observed to cause 
these changes of shape. From the observations of 
recent investigators — Biitschli, Hertwig, Strassburger, 
Mayzel, van Beneden, Balfour, Eberfch, Schleicher, 
Peremeschko, Hemming, Klein, Arnold, Pfiitzner, 
Retzius, Bizzozero, and many others — it is now known 
that in the embryo and adult, in plant and animal, 
vertebrates and invertebrates, all kinds of cells, before 
their protoplasm undergoes division, show complicated 
changes of their nucleus, leading to division. This 
manner of division is called the indirect division or 
karyokinesis. It has been observed by Mayzel, 
Schleicher, and Flemming, that the nuclear fibrils 
show movement, hence the name karyokinesis. This 
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process of the karyokinesis is represented in the ad- 
joining figure, 5, and it coriBiflta of the following phases: 
(m) The nnclear network become very pronounced, 
while the nuclear membrane disappears, and the 
librils of the nuclear network becomes twisted and 
bent into a more or less dense corivolution; at ths 
same time tlie nucleus, as a whole, is considerably 
enlarged. (6) The fibrils unravel into loops, arranged 




around the centre as a wreath or rosMte. (o) 5 
peripheral points of the loops become broken, f 
we obtain a star-shaped figure of single loopa^ 
aster, (d) The loops separate into two groupa^ 
new centres : this is the diaster, or double 4r 
(e) The two groups of tlireada become further apf 
as if attracted by opposite poles; but the two g 
remain still connected with one another by fine | 
threads. These latter differ from the oWiers in 
staining with certain dyes, and representing the % 
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terstitial substance of the nuclear matter — t.e., the pale 
substance contained in the original reticulum of the 
nucleus. Flemming calls this substance achromatin, 
whereas the threads forming the original network, the 
convolution, aster and diaster, he calls chromatin, on 
account of its readily staining with dyes. 

In this stage the whole figure resembles a spindle, 
the nuclear spindle of Biitschli (Fig. 5, p). 

(/) Further, all connection between the two sets 
of threads is broken — i.e., between the stars of the 
diaster. {g) The threads of each set become greatly 
convoluted. (A) A membrane appears for each set. 
In this stage we speak of two new or daughter nuclei. 
The cell protoplasm may commence to divide at any 
stage between the one when the threads aggregate 
round two centres, and the one when two distinct 
daughter nuclei are present ; or the division of the 
nucleus may not be followed by the division of the cell 
protoplasm, in which case we have a two-nucleated 
cell. In some instances, especially of invertebrates and 
lower vertebrates, a peculiar sun-like arrangement of 
fibrils of the cell protoplasm towards each of the two 
stars of the above nuclear fibrils has been observed. 
Martin has noticed, in pathological new growths, a 
simultaneous division into three and four daughter 
nuclei, after the mode of karyokinesis. Although 
this indirect mode of division of the nucleus has been 
observed in all kinds of cells in the embryo, and to a 
limited degree also in the adult, it is not proved to 
be the universal Inode of nuclear division. On the 
contrary, there is strong evidence that in amoeboid 
corpuscles division of the nucleus follows the direct 
mode, and it is also probable that other nuclei, under 
certain conditions, may undergo the direct mode of 
division. 
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CHAPTER II. 

BLOOD. 

9. Under the microscope blood appears as a trans- 
parent fluid, the liquor sanguinis or plasma^ in which 
float vast numbers of formed bodies, the hlood cor- 
puscles. The great majority of these are coloured: 
a few of them are colourless. The latter are called 
white or colourless hlood corpuscles, or leucocytes. 
The former are called red or colov/rei hlood corpuscles, 
and appear red only when seen in a thick layer; 
when in a single layer they appear of a yellow- 
greenish colour, more yellow if of arterial, more 
green if of venous blood. The proportions of 
plasma and blood corpuscles are sixty-four of the 
former and thirty-six of the latter in one hundred 
volumes of blood. By measurement it has been found 
that there are a little over five millions of blood 
corpuscles in each cubic millimetre (^|y of a cubic inch) 
of human blood. There appears to be in healthy 
human blood one white corpuscle for 600-1200 red 
ones. In man and mammals the relative number of 
blood corpuscles is greater than in birds, and in birds 
greater than in lower vertebrates. 

10. The red blood corpuscles (Fig. 6) of man 
and mammals are homogeneous bi-concave discs (except 
in the camelidse, where they are elliptical), and do not 
possess any nucleus. Being bi-concave in shape, they 
are thinner and more transparent in the centre than 
at the periphery. In other vertebrates they are oval 
and more or less flattened from side to side, and each 
possesses a central oval nucleus. 

The diameter of the human red blood corpuscles is 
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Fig. 6.— Yarions kinds of 
Corpuscles. 




, Two human, one seen from the broad, 
tbe otber from the narrow side ; b. a red 
corpuscle of the camel ; c, two red corpus- 
cles of the frog, one seen from tbe broad, 
the otber from the narrow side. 



about -^^-^ of an inch on the broad, and ^^ooo ^^ ^^ 
inch on the narrow side. But there are always 
corpuscles present which are much smaller by about 
one-third to one-half 
than the others. In 
normal blood these 
small red corpuscles 

are scarce ; in certain ^- «.— Various Mnds of Bed Blood 

abnormal conditions, 
especially anaemia, or 
scarcity of blood, they 
are more numerous. 

According to Gulliver, Welcker, and others, the 
following are the measurements of the sizes of red 
blood corpuscles of various vertebrates : — man, -g^^j^ ; 
dog, xr^ 'y <»*> Twry \ sheep, ^^ ; elephant, -^^^ \ 
horse, -^^ ; musk deer, tistits ; pigeon, -^^^ ; toad, 
T^ ; newt^ -^ ; proteus, ^ ; pike, ^^^ ; shark, 

1 1. In amicroscopic specimen of fresh unaltered blood 
(Fig. 7) the red blood corpuscles form peculiar shorter 

or longer rolls, like so 
many coins, becoming 
adherent to one another 
by their broad surges. 
Under various condi- 
tions — such as when 
isolated, or when blood 
is diluted with saline 
solution or solutions of 
other salts (sulphate of 
sodium or magnesium) 
— the corpuscles lose 
their smooth circular 
outline, shrinking and 
In a further stage of this 




Fig. 7.— Human Blood, freali. 

A, Boaleaux of red corpascles ; b. isolated 
red corpuscle seen in profile ; o, isolated 
red corpuscle seen from its broad sor- 
foce; D, white corpuscles. 



becoming crenate (Fig. 8, a). 



process of shrinking they lose their discoid form, and 
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Iweome smaller and spherical, but beset all 
surface witli minute processes. This shape is called 

Iwrge-cliestnflit shape (Kg. 8, 6, c). It is | _ 

O O I^hly due to the corpuscles losing carbonio 

aciJ, as its addition brings back their discoid 

shape and smooth circular outline. On ab- 

• • Btracting the carbonic acid they return to 

o the horse-chestnut shape. Water, acid, 

£jj BiHSd alcohol, ether, the electric current, and 

o-a^rti- s 9 many other reagents, produce discoloration 

^m^MBini df ti,g rg(j jjiood coFpuscles ; the colouring 

matter — generally the combination o£ 

the blood-colouring matter with globulin known as 

hannoglobin — becoming dissolved in the plasmii. 

What is left of the corpuscles is called f' 

slroma. In newts' and froga' blood a separation- 

the stroma from 
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nucleus plus hsemoglobin o /^ o /^ 

can be effected by meaiiB ai^ O. ^ | 

ofboracica(iid(F^. 9, b); V O *#>. 

the former ia csdled by \)d 

Briicke the Oikoid, the A ^^ 

I ..J. rr ' J in ' T^ ^K. 9.— Bed Blood CorpoBClBa of 

ktterZooid. Tliiaatroma " Man nr- "-- ' 

contains amongst other a, Hnrasn t^ mrpi 

things a good deal of para- b-n^wmcb tbe b 

clobulin. The stroma ^,'N^^>^^^"ITD^M">^^i^^>l«■<4a■ 

of the corpuscles of BrOctM' maid luA oUinTd i h ji empiif 

, --, - ' - ale iJiovliiff the reticulHed atnaUki 

ammilbianB is seen, e. t. carcvae thawtag the KtrcalnB 

under certain reagents, out. 
to be of a reticulated 

structure, but in the fresh state appears homo- 
geneous and pale. Discoloration of the blood cor- 
puscles can be observed to take place also in hlood 
without the addition of any or with that of per- 
fectly harmless fluids, such as humor aqueus of 
the eye, hydrocele fluid, <!ic. The number of ci 
puscles undergoing discoloration ia, however, small. 
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The elements of the blood described by Dr. William 
Norris, of Birmingham, as the invisible, pale, or third 
corpuscle, are simply red blood corpuscles that have 
become discolonred by the mode of preparation 
(Alice Hart). 

12. The haBUioglol^im of the red blood corpuscles 
forms crystals (Pig. 10), which differ in shape in the 
various mammals. 

They are always a 
of microscopic size, ^-^^^ 
and of a bright red ^^ 
colour. ^^^ 

In man and A 

most mammals 
they are of the 
shape of prismatic 
needles, or rhombic ^^ 

plates; m the Pig. lO.-HaanogloWn crystal*, 

squirrel they are A,Ofguiiiein>ig;B,ofi<iiilrrel;c,D,hiiiiiaii. 

hexagonal plates, 

and in the guinea-pig they are tetrahedral or octa- 
hedral. The blood pigment itself is an amorphous 
dark-brown or black powder — ^the hcernatin ; but it 
can be obtained in a crystalline form as hydro- 
chlorate of haematin (Fig. 11). These crystals 
^^^^ also are of microscopic size, of a nut-brown 
^T^ i colour, of the shape of narrow rhombic 
^ ' plates, and are called hcemin crystals, or 
m&ayeSSi Teichmo/nn's crystals. In extravasated 
human blood crystals of a bright yellow 
or orange colour are occasionally met with ; they are 
called by Virchow, their discoverer, hcBmatoidin, 
They are supposed to be identical with bilirubin, 
obtainable from human bile. 

13. The ivhite or coloartess blood cor- 
puscles are in human blood of about ^^Vir ^ tsVo 
of an inch in diameter, and are spherical in the 
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circulating blood or in blood that has just heen 
removed from the veasela. Their substance is trans- 
parent granular-looking protoplasm, containing larger 
or amaller bright granidea. These granules are 
either o£ a fatty nature, or, as in some kinds of 
blood, notably horses', are of a reddish colour, 
and these corpuscles are Buppoaed by some observers 
(Semmer and Alexander Schmidt) to be inter- 
mediate between red and white coi-puacles. The 
protoplasm of the colourless corpuscles contains 
glycogen (Eanvier, Schafer), In the blood of lower 
vertebrates the colourless corpuscles are considerably 
larger tliau in mammals. But in aU cases they 
consist of protoplasm, include one, two, or more 
nuclei, and show amoeboid movemoat, This may be 
observed in corpuscles without any addition to a 
fresh inicroBcopio specimen of blood, but it always 
becomes much more pronounced on applying artiiicial 
heat of about the degree of mammals' blood. It 
is then seen that they throw out longer or shorts 
filamentous processes, which may gradually lengthen 
or be withdrawn, appeiiring again at another point of 
the periphery. The corpuscle changes its position 
either by a flowing movement of its protoplasm as a 
whole, thus ra]>idly creeping along the field of the 
microscope, or it may push out a filamentous process 
and shift the rest of its body into it. Dui-ing this 
movement the corpuscle may take up granules from 
the surrounding fluid. 

14. The white corpuscles of the same sample of 
blood din'er in size and aspect within considerable 
limits, some being half tlie size of others, some much 
paler than others. The Bmaller examples generally 
possess one nucleus occupying the greater part of the 
corpuscle, the lai'ger ones usually include two, three, 
or even more nuclei, and show more decided 
amoeboid movement than the others. Division by 
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cleavage of the white corpuscles of the blood of lower 
vertebrates has been directly observed by Klein and 
Ranvier. 

15. Li every microscopic specimen of the blood 
of man and mammals are found a variable number 
of large granules^ more or less angular, singly or in 
groups, which have been specially studied by Osier. 
According to Bizzozero they are, when 

observed in the living and fresh blood, O a 
pale^ circular, or slightly oval discs ^^ Q 
(Fig. 12, 6). Their size is only ^ to ^ VJ 
of that of the red blood corpuscles. % 

They are called by him hlood plates^ and ^ o ^ 
he supposes them to be of essential im- ^**" mTS'™*" 
portance in the coagulation of the blood, %ScieK*ftbioSd 
in fiact, the fibrin ferment Hayem gj****^'^**^ 
described l^em pi^viously as being in- 
termediate forms in the development of red blood 
ccMrpuscles, and called them hsematoplasts. 

16. DeTelopmeiit of Blood Corpuscles.— 
At an early stage of embryonal life, when blood 
makes its appearance it is a colourless fluid, contain- 
ing only white corpuscles (each with a nucleus), which 
are derived from certain cells of the mesoblast. These 
white corpuscles change into red ones, which become 
flattened, and their protoplasm gets homogeneous and 
of a yellowish colour. All through embryonal life new 
white corpuscles are transformed into red ones. In 
the embryo of man and mammals these red corpuscles 
retain their nuclei for some time, but ultimately lose 
them. New nucleated red blood coi'puscles are, how- 
ever, formed by division of old red corpuscles. Such 
division has been observed even in adult blood of 
lower vertebrates (Peremeschko) as well as in mammals 
(marrow of bone by Bizzozero and Torre). 

An important source for the new formation of red 
corpuscles in the embryo and adult is the red marrow 
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of tones (Neumann, Biswozero, Rindfleisch), in whidi ^ 
numerous nucleated protoplasmic cells (marrow ceUa) 
are converted into nucleated red blood corpuscles, The 
protoplasm of the corpuscle becomes homogeneous and 
tinged with yellow, the nucleus being ultimately lost. 
The spleen is also assumeij to be a place for the forma- 
tion of red blood corpuscles. Again, it is assumed that 
ordinary white blood corpTiscIca are transformed into 
red ones, but of this there is no conclusive evidence. 
In all tliese instances the protoplasm becomes homo- 
geneous and filled with haemoglobin, while the cell 
grows flattened, discoid, and the nucleus in the end 
disappears. 

Schafer described intracellular (endogenous) for- 
mation of red blood corpuscles at first as small hieitio- 
globin particles, but soon growing into red blood cor- 
puscles, in certain cells of the subcutaneous tissue of 
young animals. Malassez describes the red blood cor- 
puscles originating by a process of continued budding 
from the marrow cells. 

The white corpuscles appear essentially to be 
derived from the lymphatic organs, whence they a 
carried by the lymph into the circulating blood. 




CHAPTER III. 



17. Epttbellal cells (Fig. 13a) are niteJeatec;^ 
plaemie cells, forming continuous masseson tl 
the skin, of the lining membrane of the alimentary ce 
the respiratory organs, the nrinary and genital org 
the free surface of the conjunctiva, and the ante 
E the cornea. The lining of the tubes' a 
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alveoli of secreting and excreting glands, sach as the 
kidney, liver, mammary gland, testis and ovary, the 
salivary glands, mucous, peptic, and lieberkiihn's 
glands, tSie sweat and sebaceous glands, the hair 
follicles, &c., consists of epithelial cells. Such is the 
case also with the sensory or terminal parts of the 
organs of the special senses. And, finally, epithelial 
cells occur in other 
organs, such as the 
thyroid gland, the 
pituitary body, &c. 

The hairs and 
nails, the cuticle of 
the skin, certain 
parts of the rods 
and cones of the 
retina, and the rods 
of corti of the organ 
of hearing, are modi- 
fied epithelial struc- 
tures. 

Epithelial cells 

are grouped together pjg, ISa.- Various kinds of EpitheHal Cells. 

by exceedingly thin a, columnar eeUs of intestine; b. polyhedral 

iJ^^^— ^fi ^ ^11 „ c«11b of the conjunctiva: c, ciliated conical 

layers 01 an aibU- cells of the trachea : d, ciliated oell of frog's 

z^^ ^ •- ^•^•7 mouth; B, inverted conical cell of trachea; 

mmOUS XTiX/erSUMAKlb b, squamous cell of the cavity of mouth, seen 

. T . from its broad surface ; 0, squamous cell, seen 

CBfnWnZ StWSta/nCe, from its narrow side. 

which during life is 

of a semi-fluid nature, and belongs to the group of 

bodies known as globulins. 

18. As regards shape we distinguish two kinds 
of epithelial cells — columnar and squamous. The 
coLwmncur cells are short or long, cylindrical or pris- 
matic, pyramidal, conical, club-shaped, pear-shaped, 
or spindle-shaped; their nucleus is always more or 
less oval, their protoplasm more or less longitudinally 
striated. On the free surface of the cells — i,e., the 
c 
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part facing a cavity, canal, or general surface — in many 
instances a bright thinner or thicker cuticular struc- 
ture is seen, with more or leas diatiiiGt vertical striation. 
The conical or spindle-shaped, club-shaped, and pear- 
shaped cells are drawn out into longer or shorter 
single or branched extremities. 

The gquatiMua or pavement eeU» are cubical, 
polyhedral or scaly. The nucleus of the former is 
almost spherical that of the latter flattened in propor- 
tion to the thinness of the scales. In polyhedral 
cells it can be occasionally perceived that the granula- 
tion is due to the regular honeycombed nature of the 
cell protoplasm. 

19. As regards size, the epithelial cells differ 
considerably from one another in difierent parts, and 

1 part Thus, the columnar colla, 
covering the surface of 
the villi of the small in- 
testine, are considerably 
longer than those lining 
the mucous membrane of 
the uterus ; the columnar 
ceils lining the larger 
Pig. i3B.— Threa Mnooft«!orotin ducts of the kidney are 

Goblet CelU. ■, ,, , ■'., 

i-rromihtntoBiKhirf nnri' b, f min eonsidcrahly longer than 
Ii(°ihJ"mir"'M ' "' *i™ii''ii'iil^ii'' 'l''*^ lining the small 
n^ae. ducts ; the polyhedral 

cells covering the anterior 
surface of the cornea are considerably smaller than 
those on the suiface of the lining membrane of the 
urinary bladder; the scales lining the ultimate recesses 
of the bronchial tubes — the air cells — are considerably 
smaller than those on the surface of the membrane 
lining the human oral cavity and (esophagus. 

20. As regards arrangement, the epithelial cells 
are either arranged aa a single layer or are stratified, i 
forming several superimpOEed layers ; in the former case 
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we have a simple in the latter a stratified epitheliuni. 
The simple epithelium may be composed of squamous 
cells — simple s^^namoua or simple pavement epUhe- 
liwm — or it may be composed of columnar cells — 
simple columnar epUheli/um, The stratified epithelium 
may be sPratified pavement, or stratified columnar; 
in the former case all or the majority of the layers 
consist of squamous or polyhedral cells, in the latter 
all cells belong to the columnar kind. Simple 
squam^ous epithelium is that which lines the air 
cells, certain urinary tubules of the kidney (the looped 
tubes of Henle, the cortical parts of the collecting 
tubes), the acini of the milk-gland, the inner surface 
of the iris and choroid membrane of the eyeball. 
Simple columnar epithelium is that on the inner 
surface of the stomach, small and large intestine, 
uterus, small bronchi, ducts and acini of mucous and 
salivary glands, of some kidney tubules, &c Stratified 
pavement epithelium is that on the epidermis, the 
epithelium lining the cavity of the mouth, pharynx, 
and oesophagus in man and mammals, the anterior 
surface of the cornea, &c. 

21. The epidermis (Fig. 14) consists of the fol- 
lowing layers: — (a) Stratum comeum: this is the super- 
ficial stratum, and it consists of several layers of homy 
scales, without any nucleus. The layers, which are 
separated from one another by narrow clefts contain- 
mg air, are then in process of desquamation. This 
stratum is thickest on the palm of the hand and 
fingers, and the sole of the foot, (b) The stratum 
lucidum, composed of several dense layers of homy 
scales, in which traces of an exceedingly flattened 
nucleus may be perceived, (c) Then follow many 
layers of nucleated cells, forming the stratum or 
rete Malpighii or rete mucosum. The most super- 
ficial layer or layers of it are flattened scales, which 
are characterised by the presence around the nucleus 
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o£ globular or elliptical granules of the nature inter- 
mediate between protoplasm and keratin. Their sub- 
stance is called 
deidin (Ban- 
vier) ; these 
cells form the 







form a layer of 
moie or less 
the Borfa^ie of 



liie soDBcance oi me _~. — Sfc-'-^^-^^^i^^ 
js, nails, claws, hoofs, i^^^m^-^^.^^^^^^^:^ 
iHiats of homy scales, u ♦J' '*'*'>*'» it, i^»(>ffi^ 



columnar cells, placed vertically 
the subjacent conum. 

The substance of the _^--^= 
hairs, nails, claws, 
con mats 

pavement vpithe- 

liiim{Fig 15) lining the 

cavitv of the mouth, the 

Burftceof the tongue, the 

pharynx and cesophagus 

of man and mammals, and 

the anterior surface of the 

cornea, Ac., is, as r^arda _ 

the style and arrange- thraogh ths anteriot lajeta of Ihs 

ment of the cells, identi- ^ ^^^^, 

eal with the stratum "'i.jbpmji 

Malpighii of the epider- 
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mis. The cell protoplasm is more transparent in the 
former, and the granular cells of the stratum granu- 
losum are not always present, but they generally are 
in the epithelium of the tongue and of the rest of the 
oral cavity. The most superficial scales show more or 
less homy transformation. 

23. Stratified colnmnar epithelimn is met 
with on the li'm'iig membrane of the respiratory 
organs, as larynx, trachea, and large bronchi It 
consists of^several layers of columnar cells : a super- 
ficial layer of conical or prismatic cells, with a more 
or less pointed extremity directed towards the depth ; 
between these are inserted spindle-shaped cells, and 
finally inverted conical cells. 

Tlie epithelium of the ureter and bladder is called 
transitional epithelium. It is stratified, and the most 
superficial layer consists of squamous ceUs. Under- 
neath this is a layer of club-shaped cells, between 
which extend one or more layers of small spindle- 
shaped cells. 

Amongst the columnar epithelial cells occurring 
in man and mammals the ciliated cells and the goblet 
cells, and amongst the squamous cells the prickle cells, 
deserve special attention. 

24. Ciliated cells are characterised by possess- 
ing a bundle of very fine longer or shorter hairs or 
cilia on their free surfaca These cilia are direct pro- 
longations of the cell protoplasm. More correctly 
speaking, the cilia are continuous with the filaments 
or striae of the ceU protoplasm. The superficial layer 
of conical cells of the epithelium in the respiratory 
organs, the columnar cells lining the uterus and ovi- 
duct, and the columnar cells lining the tubes of the 
epididymis possess such cilia. In lower vertebrates 
the ciliated cells are much more frequently observed ; 
in Batrachia the epithelial cells lining the mouth, 
pharynx, and oesophagus are ciliated. 
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While freah in contact with the toembrane which 
they line, or even after removal from it, provided 
the cells are still alive, tKe ciliated cells show a rapid 
synohronouB whip-like movement of their cilia, the 
cilia of all cells moving in the same direction. The 
movement ceases on the death of the cell, but may 
become slower and may cease owing to other causes 
than death, such as coagulation of mucus ou the 
surface, want of sufficient oxygen, presence of car- 
bonic acid, low temperature, &c Under these circum- 
stances, removal of the impediment will geneiully 
restore the activity of the cilia. Moderate electric 
currents and heat stimulate the movement, strong 
electric currents and cold retard it. Reagents fatally 
affecting cell protoplasm also stop permanently the 
ciliary action. ^ 

35. Ooblct or ctaalice cells (Figa. 13b, 16) are 
cells of the shape of a conical chalice. The pointed part 
is directed away from the free surface, 
I I 1 ^ 1 iT ^K l Tfr n and contains a compressed triangular 
Li£lLlM'%^i< nucleus, surrounded by a trace 
Lli!]nJ Ti^l* i >W 1 1 Qf protoplasm, The body of the 
VKm T''mia.\ Set go^'ls* contains mucus. This latter 
s3ihe3uffl*oii iSe ^^^ ^^ "^ various states of forma- 
SSJ'oMBiinuie""? *''*'^ ^^"^ ™*y '^t '"'y time be poured 
Van large inHaltni'. out of the cell, Goblet ce^- afe 
*iIUil^1i!5toS! most commonly met •witE" amongst 
Sd?Siy""o5SiSJ the epithelium lining the respiratory 
organs, the surface of the stomach and 
intestines, and especially in mucous glands, in whose 
secreting portion all cells are goblet cells. 

The protoplasm of columnar cells facing a free 
surface, no matter whether in simple or stratified 
epithelium, ciliated or non-ciliat«d, may undergo 
such alteration as will lead to the transforma- 
tion of the cell into a goblet cell. This takee 
place during life, and, in fact, represents an im- 



LL. 



Chap. III.] Epithelium, 23 

^rtant function of columnar epithelial cells — ^viz., 
the foimation of mucus. In mucus-secreting 
glands all the epithelial cells have this fimction 
])ermanentl7, but in ordinary columnar epithelium 
only a comparatively small number of the cells, 
as a rule, undergo this change, and then only 
temporarily ; for a cell subject to it at one time may 
shortly afterwards resume the original shape and 
aspect^f an ordinary protoplasmx?Tylindri^ or 
conical epithelial cell, and vice versa. If cibated 
cells undergo this change, the cilia are generally first 
detached. 

It can be show that in this change of an ordinary 
columnar epithelial cell into a goblet cell, the inter- 
stitial substance of the cell reticulum increases in 
amount, the meshes enlarging and distending the body 
of the cell. The interstitial substance probably under- 
goes the change into mucin. 

26. Prickle CeUs (Fig. 1 4).— Amongst themiddle 
and deeper layers of the stratified pavement epithelium, 
such as is present in the epidermis and on the surface 
of the oral cavity and pharynx, we meet with a close, 
more or less distinct and regular striation, extending 
from the margin of one cell to that of each of its 
neighbours, by means of fine transverse short fibrils 
which, passing from protoplasm to protoplasm, connect 
the suif aces of the cells. 

27. Pigmented epithelial cells — %.e,, epithelial cells 
filled with black pigment particles (crystals) — are found 
on the internal surface of the choroid and iris of 
the eyeball. 

In coloured skins, and in coloured patches of skin 
and mucous membrane, such as occur in man and 
animals, there is found pigment in the shape of 
granules lodged in the protoplasm of the deeper 
epithelial ceUs, as well as in branched cells situated 
between the epithelial cells of the deeper layers. Minute 
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branched non-pigraeiit«d nucleated cells are met with 
in tka {Muretitial or cmneni substance of various kinds 
of epithelium, simple and stratified, e.g., epidermis, 
epithelium of oral cavity, cornea, Ac 

28. Epithelial cella undergo division, and by this 
means a constant regeneration takes place. In those 
parte where the loss of the superficial layers of cella is 
conspicuous, such as the epidermis, the stratified epi- 
thehum of the tongue and oral cavity, the sebaceous 
follicles of hairs, the regeneration goes on more 
copiously than at places where no such conspicuous loss 
occurs— aa, for instance, in the atomach and intestines, 
the secreting glands, or sense organs. 

In the stratified pavement epithelium it is the cella 
of the deepest layer which chiefly divide ; the nest 
layer thereby becomes graduaUy shifted towards the 
surface, and more flattened, and on reaching the surface 
dries tip owing to rapid loss of water. 

29. The interstitial substance between the epi- 
thelial ceUs being soft ajid semi-fluid, and the proto- 
plasm of the epithelial cells themselves being a soft 
flexible material, it is possible for the ceUs to change 
their shape and atTangem ent after pressure and tension, 
eKerted on them by the contraction or distension of the 
membrane on which they are situated. Thus, for in- 
stance, the epithelium lining a middle-sized bronchus 
may appear at one time as composed of long, thin, 
columnar epithelial cells in two layers ; at another, as 
a single layer of long columnar cells ; or again as 
a single layer of polyhedral or short columnar cells; 
the first is the case when the bronchus is contracted, 
the second when it ia in a medium state of distension, 
the third when it is much distended. Similar chsjigoi 
may be noticed on the epithelium lining the mucous 
membrane of the bladder, gland tubes, the epidermia, 

s other epithelial structures. 



ngea 
cous 
■mia, 

J 



Chap. IV.] 25 




CHAPTER IV. 

ENDOTHELIUM. 

30. The free surfaces of the serous and synovial 
membranes, and of those of the brain and i^inal 
cord, the posterior surfaEioe of the cornea and anterior 
surface of the iris, the surfaces of tendon and tendon- 
sheaths, the lymph sinuses or lymph sacs of amphibian 
animals, the cavity of the heart, of blood-vessels 
and of lymphatic-vessels are lined with a continuous 
endothelial membra/ney composed of 
a single layer of flattened trans- 
parent squannous cells, called endo- 
thelial cells (Fig. 17). Each contains 
an oval nucleus, situated generally 
excentrically. Just as in the case 
of epithelium, the endothelial cell ^^f li^'S^iv^^^ 
plates are joined by a fluid or semi- cat. 
fluid homogeneous interstitial or ^d£a*^i£ *il^d^^£ 

, T . £ I r . £ naclent of the latter 

cement substance of the nature 01 weweuehown. 
globulin. When examining any of 
the above structures fresh the endothelial cells are 
not, as a rule, visible, owing to their great trans- 
parency; but by staining the structures with a 
dilute solution of nitrate of silver, and then ex- 
posing them to the influence of the light, the cement 
substance appears stained black, whereby the shape 
and size of the cell plates become evident. By various 
dyes also the nucleus of each cell plate may be brought 
into view. 

On careful examination, and with suitable re- 
agents, it can be shown that each endothelial cell 
consists of a homogeneous ground-plate. In it 
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lies the nucleus, and aroiind it is a substance wlucb 
appears granular but which is of a iibnllar nature, 
the fihiillte being arran^'ed m w network sind extend 




FiK. IS. — Network of Lrmphatic^ _„ .,_ 

Di^bramn of Rabbit, crepoxqd witU nitiatfl of ailv-., „ 

tba oaCliDea of the £DdoUu)liBl Cells toiniiug' the will tt tto 
LympbatiOH- 

4, Big Ijnir^ntlc ■fflqeti; \, IjmpbaUc np^ECvteai t, ippaj^nb onds of tkt 
CJ^itUariel. (BaadboctlL-) 

ing in many places np to the margin of the groond- 
plate. The nuoleus is limited by a membrane, ftnd 
contains a well-developed retieoluin. The fibiiUn 
of l^e cell substance appear in connection with the 
nuclear reticulum. 

31. As regards sbape, endothelial cells differ 
conHiderably. Those of the pleura, perit 
/leritoneum, and endocardium of 



lells diff er \ 
ricardia^B 
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are more or Jess polygonal, or slightly elongated. Th« 
outlines vary : in tlie lining of tie lymph sacs of «' 
frog they are much larger, and of very siniiovi 
line J while those of the posterior surface of the ' 




are very regular, pentagonal, or hexagonalj 
straight outlines in the perfectly normal and we]l-pi 
served condition, but serrated aud sinuous after tbey 
have been prepared with various reagents and in the 
abnormal state ; the endothelial plates lining the blood- 
vessels and lymphatic vessels (Fig. 18) are nan'O' 
elongated, with more or less sinuous outlines, I 
lymphatic capillaries the endothelial plates are 
gonal, but their outline serrated. 

32. As a rule the endothelial cells are fiatteui 
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1 <• , scaly — but m some places they are polyhedral 
or even abort columnar Such cells occur isolated or 
in Buiall groups, or cohering large and small pate 
nodular villous, or cord like structures of the flvt 
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omentum, on the synovial membranes, tunica 
vaginalis testis, &c They are especially obBervable 
in considerable numbers in the pleura and omentom 
(Fig. 19) of all normal subjects (human, ape, dog, oaC,. 
and rodent animals); their number and frequently of 
occurrence are increased in pathological conditioiia 
(chronic inflammations, tuberculosis, cancer, &c.). 

These endothelial cells are the germinating endiy 
ihelial cells, and they can be shown to be in an 
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activa state of divisioa. They thos produoe small 
^herical lymphoid (amtBboid) cbUb, which ultimately 
are absorbed by the lymphatics, and carried into the 
blood system as white blood corpuscles. On the sur- 




face of the serous membranes, especially the diaphragm 
(Fig. 20) and pleura, there exist minute openings, 
gUymala, leading &om the serous cavity into a lym- 
phatic vessel of the serous membrane. These stomata 
are often lined by germinating cells. 

33. In the frog, germinating cells occur in great 
abundance on the mesogastrium and the part of the 
peritoneum which separates the peritoneal cavity 
from the dstema lympbatica ma^na. This part of 
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the peritoneum is called the aeptum ciBtenwe lytn- 
phaticae raagnw, and on it occur numerous holes or 
stomata, by which a free communication is establisbed 
between the two cavities. On the peritoneal surface 
of thia septttm the stomata are often bordered by 
germinating cells. In the female frog, these and 
other germinating endothelial cells of the peritoneum 
(meaogastrium, mesenterium, eeptum ciaternie) are 
ciUat^ 

34. The omentum and parts of the pleura are, in 
the adult human subject, ape, dog, cat, gainea-pig, rat, 
ifec., of the nature of a fenestrated membrane (Fig 21), 
bands of fibrous tissue of various sizes dividing and 
reuniting, and leaving between thera larger or smaller 
holes, in shape oblong or circular. These holes 
or fenestra are not covered with anything, the endo- 
thelial cells adhering oidy to the surfaces of the 
bands without bridging over the fenestras. On the 
peritoneal surface of lie diaphragm the endothelial 
cells possess a different arrangement from that on 
the pleural side ; on the former surface a number of 
lymph channels (that is, clefts between, the bundles 
of tendon and muscle) radiate towards the middle 
of the central tendon. The endothelium of the free 
surface over these lymph channels is composed of 
much smaller cells than at the placa^ between, 
80 that the endothelium of the peritoneal surface of 
the diaphragm shows numbers of radiating streaks 
of small endothelial cells. Many of these small oells 
are not flattened, but polyhedral, and of the nature 
of germinating cells (Fig. 20.) The above-meutionsd 
stomata occur amongst these small endothelial cells. 
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CHAPTER V. 

FIBROUS CONNECTIVB TISSUES. 

35. By the name of "connective tissues" we 
designate a variety of tissues which have these things 
in common — ^that they are developed from the same 
embryonal elements ; that they all more or less serve 
as supporting tissue or framework, or connecting sub- 
stance, for nervous, muscidar, glandular, and vascular 
tissues ; that they are capable of taking one another's 
place in the different classes of animals; that in the 
embryo and in the growing condition one may be 
changed into the other; and that in the adult they 
gradually shade off one into the other. 

Connective tissues are divided into the three great 
groups of (1) fibrous connective tissue; (2) cartilage; 
(3) bone, to which may be added dentine. Ea^h of 
thL is subdivided into several varieties, as will 
appear farther on, but in all instances the grownd 
substance, or matrix, or intercellular stibstance, is 
to be distinguished from the cells. In the fibrous con- 
nective tissue the matrix yields glutin or gelatin, and 
the cells are called connective tissvs cells, or connective 
tissue corpuscles. In the cartilage the ground sub- 
stance yields chondrin, and the cells are called carti- 
lage cells. In the third group the ground substance 
contains inorganic lime salts, intimately connected 
with a fibrous matrix, and the cells are called hone 
cells. 

36. The llbroas connective tissne, or nrhite 
fibrous tissue, occurs in the skin and mucous 
membranes, in the serous and synovial membranes, 
in the membranes of the brain and spinal cord, in 
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tennoos and tendon sbeatliB, in ikiH;iie and aponeuroses, 
in the intermuscular tissue, and in the tissue con- 
necting neighbouring orgaos, iSrc. It consiBts of 
microscopic band-like or cylindrical bundles or faaraculi 
of exceedingly fine homogeneous fibriie (Fig. 22), which 
are known as the elsmenlm-y connective tissue Jibrilt. 




According to the number o£ these the bundles differ 
in size. The bundles, and also their constituent 
fibrils, may be of very great length — ^several inehea. 
Where the fibrous tissue forms continuous i 



L 



L tendon, fascia, aponeurosis, skin, and mucous 
membrane — the microscopic bundles are a^regated 
into smaller or larger groups, the trtfbeeufre, and these 
are again associated into groups. The fibrils are held 
together by an albuminous (glotiulin), semi-lJuid, homo- 
geneous cement substance, which is also present bet'ween 
the bundles forming a trabecula. 

On adding an acid or an alkali to a bundle of 
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fibrous tissue, it is seen to swell up and to become 
glassy-looking, homogeneous, and gelatinous. Sub- 
jected to boiling in water, or to digestion by dilate 
acids, the bundles of fibrous tissue yield glutin. or 
gelatin. 

37. According to the arrangement of the bundles, 
the fibrous connective tissue varies in different locali- 
ties. (1) In tendons and fasciae the bundles are 
arranged parallel to one another. (2) In the true 
skin and mucous, serous, and synovial membranes, in 
the dura mater and tendon sheaths, the trabeculse of 
bundles divide repeatedly, cross and interlace very 
intimately with one another, so that thereby a dense 
felt-work is produced. (3) In the subcutaneous, sub- 
mucous, or subserous tissue, in the intermuscular tissue, 
in the tissue connecting with one another different 
organs or the parts of the same organ — ^.e., interstitial 
connective tissue — ^the texture of the fibrous tissue is 
more or less loose, the trabeculse dividing and re- 
uniting and crossing one another, but leaving between 
them larger or smaller spaces, cellulse or areolae, so 
that the tissue assumes the character of a loose 
plexus, which is sometimes called " areolar " or " cel- 
lular tissue." Such tissue can be more or less easily 
separated into larger or smaller lamellae, or plates of 
trabeculae. (4) In the omentum and parts of the 
pleura of man, ape, dog, cat, and some rodents, and 
in the subarachnoidal tissue of the spinal cord and 
brain, the trabeculae form a, fenestrated membrane, with 
larger or smaller oval or circular holes or fenestrae. 

38. The connective tissue ceUs or corpuscles 
occurring in white fibrous tissue are of several varie- 
ties (a) In tendon and fasciae the cells are called 
tendon cells or tendon corpuscles; they are flattened 
nucleated protoplasmic cells of a square or oblong 
shape (Fig. 23a), forming continuous rows (single files), 
situated on the surface of groups of bundles of fibrous 
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tissue. Between these groups are wider c 
channels — the inter/ascieular apaoes- — running parallel 
with the long axis of the tendon (Fig. 23b). The cella 
in each row are separated from one another by a narrow 
line of albuminous cement Bubstance, and the roond 
nucleus of the cell is generally situated at one end, in 
._ . _ . — such a way that in two 

~~ adjacent cells of the grow- 

ing tendon the nuclei 
face each other. This 
indicates that the indi- 
vidual cella undergo divi- 
sion. Corresponding to 
the margin of each row; 
the cells possess minute 
processes. The cell plate 
is not quite flat, but pas- 
three membranous p^ojB^ 
tions, by which it ii 
wedged in between 0» 
I individual bundles of fltf 
1 group to wliich the row 
' of cells belongs. 

uri.«.um™-..i,e>»^e ^^' ^^^ ^ *^® "*'™* 

wSnl '"HMdiliiJi'ii'"^ '°^^ "'"' ""^ membranes, cornea, sabefr; 

taneouB tissue, and loMt 

eonnective tissues, tae cells are flattened tran^uioU 

corpuscles, each with an oblong flattened nucleus, a 

more or less branched and connected by theip pro 

In the cornea they are spoken of as the corned t0\ 

pmcles, and are very richly branched (Fig. 25). 

are situated between tbe lamellte of fibrous bandi 

which the ground substance of the cornea conajsto 

These corpuscles are also situated in the intei 

cular spaces, or spaces left between the bundlu rf* 

ground substance, which are cavities in t' 




Fig, SS*.— FroDi a 



le loDgula}. 
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hitherto mentioned are fixed oorpnscles ; they do not 
show movement. Kiihne and Hollett ascribe to the 
corneal corpuscles a certain amount of contractility, in- 
asmuch as they are said to be capable of withdrawing 
their processes on stimulation. When this ceases they 
are said again to protrude them. According to Strieker 
and Korris, they acquire contractility when the corneal 
tissue is the seat of inflammatory irritation. It can 
be shown that the connective tissue cells consist, like 
the endothelial plates, of a ground plate and a fibrillar 
reticulated (granular-looking) substance around the 
nucleus, and extending beyond the ground plate into 
the processes of the celL 

42. Pigment Cells. — In the lower vertebrates, 
especiaUy fishes, reptiles, and amphibian animals, we 
find certain branched nucleated connective tissue cor- 
puscles, distinguished by their size and by the proto- 
plasm both of the cell-body and processes — but not of 
the nucleus — being filled with pigment granules. The 
pigment is either white or yellow, or more commonly 
dark brown to black. These cells are called pigmented 
connective tissue cells, or simply pigment cells. They 
are very numerous in the skin of fishes, reptiles, and 
amphibian animals, and also around and between the 
blood-vessels of the serous membranes. They are also 
present in man and mammals, but then they are 
chiefly limited to the eye-ball, where they occur in the 
proper tissue of the iris of all but albino and bright 
blue eyes, and in the tissue of the choroid membrane. 
In dark eyes of mammals a large number of these cells 
are found in the tissue between the sclerotic and 
choroid, as the lamina fusca, and also, but to a more 
limited degree, in the sclerotic. As a rule they appear 
to be of various kinds: such as are flattened, large 
plates perforated by a number of small and large holes 
lind minute clefts; such as possess a more spindle- 
adiaped body, and long, thin, not very richlv branched 
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the (X»mective tissue cells are a 




o branched flattened 
corpuBclea, and by their longer 

nected into a network (Fig. 24). 
Each cell has a flattened obloBg 
nucleos. As a rule, some of 
the proceBseB are membranouH 
prolongations coming off under 
an angle from the body of the 
cell, which ia then called the 
chief plate, the processes being 
the secondary plates. By the 
latter the ceil is wedged in 

^o( ^id^"°h^i^'^ between the bundles of the tra- 

orthaBmniiBd becula to which it belongs. 

™° ™' __ This character of the cells 

' (i.e., of possesaing secondary 

plates) is well shown by the 

cells of the skin and , 

mucous membranes, 

but only in a very 

limited degree by 

thoee of the cornea 

branes, and somewhat 
better by some of 
those of the eubcuta^ 
neouB and other loose 
connectife tissues. 
In the skin and 



ConrnJ Oorpnei 







also the cells and 
their pvocesaes are 
situated in the in- 
terfascicular spaces. 

41. The cnnnec- ..■n>ri,.ni,=;,™hront:.i.ing.i>^puci« 
tive tissue corpuscles alliuSi tor'tiieJciuT^eMSl.'' \aiUi 
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hitherto mentioned are fixed corpuscles ; they do not 
show movement. Kiihne and HoUett ascribe to the 
corneal corpuscles a certain amount of contractility, in- 
asmuch as they are said to be capable of withdrawing 
their processes on stimulation. When this ceases they 
are said again to protrude them. According to Strieker 
and Norris, they acquire contractility when the corneal 
tissue is the seat of inflammatory irritation. It can 
be shown that the connective tissue cells consist, like 
the endothelial plates, of a ground plate and a fibrillar 
reticulated (granular-looking) substance around the 
nucleus, and extending beyond the ground plate into 
the processes of the celL 

42. Pigfmeiit Cells. — In the lower vertebrates, 
especially fishes, reptiles, and amphibian animals, we 
find certain branched nucleated connective tissue cor- 
puscles, distinguished by their size and by the proto- 
plasm both of the cell-body and processes — but not of 
the nucleus — being filled with pigment granules. The 
pigment is either white or yellow, or more commonly 
dark brown to black. These cells are called pigmented 
connective tissue cells, or simply pigment cells. They 
are very numerous in the skin of fishes, reptiles, and 
amphibian animals, and also around and between the 
blood-vessels of the serous membranes. They are also 
present in man and mammals, but then they are 
chiefly limited to the eye-ball, where they occur in the 
proper tissue of the iris of all but albino and bright 
blue eyes, and in the tissue of the choroid membrane. 
In dark eyes of mammals a large number of these cells 
are found in the tissue between the sclerotic and 
choroid, as the lamina fusca, and also, but to a more 
limited degree, in the sclerotic. As a rule they appear 
to be of various kinds: such as are flattened, large 
plates perforated by a number of small and large holes 
and minute clefts; such as possess a more spindle- 
shaped body, and long, thin, not very richlv branched 
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Fig. 37.— Pigment CellB of the Tall o[ Tudpole, 

appearances are due to different states of contraction 
of the aanie kind of cells (Fig. 27). 

43. In lower vertebrates the dark pigment cells 
Bfaow marked contractility, inasmuch as they an 
cajiable of altogether withdrawing into their body the 
pigmented processes. In the passive state tbeae 
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exceedingly numerous, and form a network bo dense 
that the whole masa of cells resemblea an extremely 
«loae network of pigment. In the masimnm of 
activity the processes disappear, being withdrawn into 
the celt-body, which now looks like a spherical or 
oblong mass of black pigment. Between the states 
|of passivenees and maximum activity there are various 
intermediat« grades, in which the pigmented processes 
are of various numbers and lengths. 

44. Owing to the great number of the pigment 
cells in the akin of fishes and amphibian animaJa, the 
Btate of contraction of these cells materially afieoto 
the colour of the skin. If the dark pigment cells 
of a particular part contract, the skin of this parti- 
cular part will become lighter and brighter, the degree 
of lightness and brightness depending on the degree 
of contraction of the pigmented processes by the cells. 
Briioke has sbown that darkness is a stimulus to the 
pigmented cells ; they contract, and the skin becomes 
,Ught Sunlight leaves the pigmented cells in the 
passive state, i.e., the skin becomes dark. If pre- 
viously they have been contracted by darkness, on 
being exposed to sunhght they again return to the 
[passive state. The contraction of the pigment cells 
is under the direct influence of the nervous system 
(lister). Pouchet proved that the contractility of the 
pigment cells of the skin of certain fishes is influenced 
as a reflex action by the stimulation of the retina by 
light. 

45. Fat CeUs. — Fat cells in the ripe and fully- 
formed state are spherical, relatively large vesicles, 
each consisting (a) of a thin protoplagrmc memhTant, 
■which at one point includes an oval wtcleua flattened 
^om side to side, and (6) of a substance, which is an 
oil globule filling the cavity of the vesicle (Fig. 28). 
These fat cells are massed together by fibrous connective 
tissue into smaller or larger groups, which in their 
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turn form lobules; these again become lobes, and 
these make continuous massee. Each group and 
lobule has its afferent arteriole, one or two efferent 
veiris, and a dense lietvwk of capillaries between ; 
each mesh of the capillary network holding one, 
two or three fat cells. (Fig. 49.) Such are the 




nature and at-rangement of the fet tissue in the 
subcutaneous and submucous tissue, in the seroua and 
synovial membranes, in the intern) uscular tissue, in 
the loose tissue connecting organs or parts of organs. 
It can be shown that fat cells are derived &om 
ordinal^ connective tissue cells. In some places — 
both in the embryo and adult — the protoplasm of tlw 
connective tisane corpuscleB growing in size becomes 
filled with small oil globules, which, increasing Bi 
numbers, become fused with one another to IfU^V 
globules ; as their size thus increases the cell nncleSi 
becomes shifted to the periphery; ultimately OBt 



Chap, v.] Fibrous Connective Tissues, 41 

large oil globule fills the cell, and what is left of the 
cell protoplasm surrounds this oil globule like a 
membrane. The cell as a whole has become in this 
process many times its original size. 

46. It can also be shown that where at one time 
only few isolated connective tissue corpuscles are 
present, at another time, in the natural state of 
growth, and especially under very favourable condi- 
tions of nutrition, the connective tissue eells become 
increased by cell-multiplication so as to £orm groups ; 
these continue to increase in size and to be gra- 
dually furnished with their own system of blood- 
vessels; the individual cells constituting the group 
become then converted into fat cells, and their pro- 
cesses are thereby lost. 

Individual connective tissue cells situated in the 
neighbourhood of small blood-vessels are converted 
into fat cells under favourable conditions of nutrition. 

In starvation the fat cells lose their oil globule, 
they become smaller and contain a serous fluid, which 
may ultimately also disappear. Finally, the fat cell 
may be reduced to a small, solid, protoplasmic, slightly 
branched celL 

47. In many places the fibrous connective tissue 
includes, besides the fixed cells, others which show 
amoeboid movement. These are of two kinds: (1) 
migratory or tocmdering cells. These are identical 
with colourless blood corpuscles as regards size, shape, 
aspect, and general nature (Fig. 24, m). They wander 
about through the spaces of the fibrous tissue. Some 
of them are slightly larger, and possess one spherical 
relatively large nucleus. The amoeboid movement 
of these cells is not so distinct as in the smaller 
variety. (2)' Plasma cells of Waldeyer. They are 
larger than the former, less prone to migrating, being 
possessed of only slight amoeboid movement, which 
is, however, suificiently pronounced to be detected. 
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They contain always coarse gTanules, which are com- 
posed of a snbBtance which is not fat, but something 
between protoplasm and fat They stain deeply in 
dyes, and the corpuscles correspond to similar "gra- 
nular" corpuscles of the blood. These "gramjles" 
may change into fat globules, and thus the plasma 
cell becomes transfoiTQed into a fat cell. 

48. The wandering cells occur almost iu all loose 
fibrous tissues, chiefly around or near blood-vessels ; 
they are not numerously met with in the healthy 
state, hut increase greatly in the smte of inflamma- 
tion of the part. The larger kinds ai-e met with 
in certain localities only ; in the sub-lingual gland 
of the dog and guinea-pig they occur in numbers 
between the gland tubes or acini They are also 
found in the mucous membrane of the int^tine. 
Tlie plasma cells are met with chiefly in the inter- 
muscular tissue, in the mucous and sub-mucous tissue 
of the intestine, in the trabeculte of the lymphatiu 
glands, and in the omentum. 

49. Development orflbroufi tissue.— Fibrous 
connective tissue is developed from embryonal connec- 
tive tissue cells, i,e., from spindle-shaped or branched 
nucleated protoplasmic cells of the mesoblast. The 
former are met with isolated or in bundles, as in the 
umbilical cord or embryonal tendon. The latter 
form a network, as in the fcetal skin and mucous 
membrane. In both instances the protoplasm of the 
embryonal connective tissue cells becomes gradually 
transformed into a bundle of elementary fibrils, 
with a granular-looking interstitial substance. The 
nucleus of the original cell finally disappears. A 
second mode of the formation of fibrous conneotiva 
tissue is this : the embryonal connective tissue cell, 
while growing in substance, produces the fibrous tissue 
at the expense of its peiipheral part. A remnant q£ 
the protoplasm peraisia around the nucl 
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The same modes of formation of connective tissne 
may be also obserred in the adnlt under normal and 
paUiological conditions. 

50. Fibroos connective tiasae is in most places 
associated with elaaiie fibre» or jelloir elastic tiasuo- 
These are of bright aspect, of variable thicknes.! and 
length, branching 




ing soas to fonn 

networks (Fig. 

29). They are 

stiuight or more 

or leas twisted , 

and ooiled. The 

latter condition 

may be observed 

when the tissue 

is shrank, the 

former when it > 

is stretched. 

They do not 

swell np in acids 

or alkalies, nor ^^ a-F™ 

yield glntin or ^ B«,d,« .( flb™. ti«ue; .. »«™u of .i-.i= 

gelatin on boil- axat*. ouu.) 

ing, but contain 

a chemically different substance, viz., tlaatin. When 

broken their ends generally curl up. 

51. Elastic fibres occur in great numbers as net- 
works extending between the bundles of fibrous tissue, 
in the skin and mucous membranes, in the serous and 
synovial membraneB, ajid in the loose interstitial con- 
nective tissues. They are not very commonly met 
with in tendons and fascia ; in the former they are 
seen as single fibres often twisting round the tendon 
bundlea 

Elastic fibres farming bundles, but branched and 
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cotmected into networks within the bundle, are to lie 
speeiaJIy found in considerable numbers in the waJls 
of the alveoli of the lung, in the liganaeota Sava, in 
the iigamentuni nuchie of the ox — ia which tbe fibres 
are exceedingly thick cylinders, — in yellow elastic cur- 
tilage («ee below), in the endocardium and valves of 
the heart, and in the vascular system, particularly the 
arterial division. In the latter organs the intima, 
and also to a great extent the media, consist of elastic 
librils densely connected into a network, 

52. The following are Epecial morpholc^cal modi- 
fications of the elastic fibres : (a) dastic /etiealrated 
membranes of Henle, as niet with in the intima 
of the big arteries; these are in reality networks 
of fibi-es with very Bmall meshes, and tbe fibres 
iinusimlly broad and flat. (6) ffomoffeTteows elattia 
jnembranes, which surround, aa a delicate sheatL, tlie 
connective tissue trabeculw in some localities, e.y,, 
Hubutitaneous tissue, (c) Homogeneous-looking elastic 
membranes in the cornea, found behind the anterior 
epithelium as Bowman's elasCica artierior, and at tlie 
back of the cornea aa eJastica posterior, or Besoemefs 
niembrane ; in this latter bundles of minute fibrils 
have been observed, {d) Elastic trabeculie forming a 
network, as in the ligamentum pectinatum iridia. 
In the embryonal state the elastic fibres are nucleated, 
the nuclei being the last remnants of the cells from 
which the fibres develop — one cell generally giving 
origin to one fibre. Such nucleated fibres are called 
Henle's nucleated fibres, 

33. Special varietioH of fibrous connective tiBsne 

(1) Adenoid riticvhem. This is a network of fina 
fibrils, or plates, forming the matrix of lymphatic or 
adenoid tissue {ase Lymphatic Glands), The reticulam 
is not fibrous connective tissue nor elastic tissue ; it 
contains nuclei in the young state, being derived from 
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a network of branched cells ; but in the adult state 
the reticulum itself possesses no nuclei Those found on 
it do not form an essential part of it. 

(2) The neuroglia of Yirchow is a dense network 
of very fine homogeneous fibrils forming the support- 
ing tissue for the nervous elements in the central 
nervous system. These fibrils are supposed to be 
elastic fibres (G^rlach). Embedded in i3ie network of 
these fibres are found branched nucleated flattened 
cell plates, which are the proper connective tissue cells. 

(3) Gelatinous tissue. This occurs chiefly in 
the embryo, being the unripe state of fibrous 
connective tissua It consists of spindle-shaped or 
branched connective tissue cells, separated from one 
another by a homogeneous transparent mucoid sub- 
stance. It is met with in the umbilical cord of the 
embryo, and in the places where fibrous connective 
tissue is to be developed. After birth it is found in 
the tissue of the pulp of the teeth, and in the cavity 
of the middle ear, and in some places as precursor 
of fat tissue. 



CHAPTER VI. 

CABTILAGE. 

54. Cartilag^e consists of a firm ground substance 
which yields chond/rin, and of cells embedded in it. 
Most cartilages (except on the articulation surface) 
are covered on their free surface with a membrane of 
fibrous connective tissue with a few elastic fibrils. 
This membrane is supplied with blood-vessels, lym- 
phatics, and nerves, and is of essential importance for 
the life and growth of the cartilage. This is the per^ 
chondriwm. There are three varieties of cartila^ 
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the ccainective tissue cells are also branched flattened 
corpuscles, and by their longer 
or shorter processes are con- 
nected into a network (Fig. 2i). 
Each cell has b, flattened oblong 
nucleus. As a rule, some of 
I membranous 
i coming off under 
an angle from the body of the 
cell, which ia then called the 
chief plate, the proceaaea being 
the secondary plates. By the 
latter the cell is wedged in 

"S ™S"«SlS^£ lot'™ «" '■""■ii™ of «ii» t^ 

Sotwortaof theBrani^heii becula to which it belongs. 
-<t. Tho nciwo'rk^'th^ir prii- This character of the cells 

™n™ie'' (AUi^)' °' "^ ('■■*' "* posaessing secondary 
plates) is well shown I 
cells of the skin &ud 
mucous membranes, 
but only in a very 
limited degree )iv 
those of the corno:; 
and serous 
branes, and somewhiit 
better by some ot' 
those of the subcutn.- 
neous and other loose 
connectiTe tissues. 

In the skin and 
mucous raembrani— 
also the cells a 
their processes t 
situated in the 
terfnscicular spacer 
\\. The conn 
tive tissue corpuscl( 
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hitherto mentioned are fixed corpuscles; they do not 
show movement. Kiihne and BoUett ascribe to i^e 
corneal corpuscles a certain amount of contractility, in- 
asmuch as they are said to be capable of withdrawing 
their processes on stimulation. When this ceases they 
are said again to protrude them. According to Strieker 
and Norris, they acquire contractility when the corneal 
tissue is the seat of inflammatory irritation. It can 
be shown that the connective tissue cells consist, like 
the endothelial plates, of a ground plate akd a fibrillar 
reticulated (granular-looking) substance around the 
nucleus, and extending beyond the ground plate into 
the processes of the cell. 

42. Pigment Cells. — In the lower vertebrates, 
especially fishes, reptiles, and amphibian animals, we 
find certain branched nucleated connective tissue cor- 
puscles, distinguished by their size and by the proto- 
plasm both of the cell-body and processes — but not of 
the nucleus — being filled with pigment granules. The 
pigment is either white or yellow, or more commonly 
dark brown to black. These cells are called pigmented 
connective tissue cells, or simply 'pigment cells. They 
are very numerous in the skin of fishes, reptiles, and 
amphibian animals, and also around and between the 
blood-vessels of the serous membranes. They are also 
present in man and mammals, but then they are 
chiefly limited to the eye-ball, where they occur in the 
proper tissue of the iris of all but albino and bright 
blue eyes, and in the tissue of the choroid membrane. 
In dark eyes of mammals a large number of these cells 
are found in the tissue between the sclerotic and 
choroid, as the lamina fusca, and also, but to a more 
limited degree, in the sclerotic. As a rule they appear 
to be of various kinds: such as are flattened, large 
plates perforated by a number of small and large holes 
and minute clefts; such as possess a more spindle- 
shaped body, and long, thin, not very richlv branched 
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replaced by bone, being the precursor of the formation 
of bone, as in the embryo (aee below), and at the 
growing ends of tubular bones, 

58. The multiplication of the cartilage cella baa 
been obaerved during life by Schlflicher and Flemming. 
It takes place after the mode of karyokinesiB. The 
lacunte of the cartilage ai* not isolated cavities, but 
are connected with one another by fine channels (Fig. 
30b), so that the ground suhstance is easily permeable 
by the current of nutritive Suid. The^e channels and 
htcusce make one intercom mnnica ting system, and are 
connected with the lymphatics of the perichondrium 
(Budge). Formed matter — like pigment granules, red 
and white blood coipusclea, and pus corpasclea — may 
also find its way into the channels and lacuns^ of the 
cartilage from the perichondrium. 

At the borders of articular cartilage, where it is 
joined to the synovial membrane and the artieufation- 
capsule, the CMrtilage cells are more or less branched, 
and pass insensibly into the branched connective tissue 
cells of the membrane. In foetal hyaline cartilage 
many of the cella are spindle-shaped or branched. 

59. In the cartilage separating the bone of the 
apophyses fi'oni the end of the diaphysia of tubular 
bones, there is a peculiar hyaline cartilage, known as 
the iniermediwr^i or ossifying. Its cella are arranged in 
chftraoteristic vertical rows, owing to the continued 
division of the cells in a transverse direction. 

Cartilages, or pai'ts of cartilages, in which the celts 
are very closely placed, owing to the absence, or im- 
perfect deposit sjid formation, of groimd substance, 
are called parenchymatous. 

60. (2) Flbra-CBTtilaEe, or connective tisrae 
cartilage, occurs as the intervertebral discs, as iAe 
interartioular cartilages, sesamoid cartilages, and aa 
iiat tormmg the margin of a fossa glenoidalis. It 

jliroua co7ini;ctivii (issjie arroiiged in bun.iKeK, and 
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ag&in in laj^ers. The ground substance of tbis card- 
ie is said {1} to 

yield cbondrin and ^'T' i'"i, Is"-.;,!:""*!'-. . . 
not glutin. V- ~ '~* ^~ ' '-■" "^, F.. 
tween the stralii 
the fibrous buiii. 



less fattened i ' 
jirotoplasmic 
oleated cells, (." 
invested in a ili., 
cate capaule(Fig. 3 1 j 
They are less fl;U ", 

tened than the coll., 
of tendon, and tiie 
capsule distinguishes Fig. 3 
thetwo. Wherefibro- ^^^^ 
cartilage passes into 
tendinous tissue, 
the two kinds of cells pass i 
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nsensibly into one another, 

61. (a) Yellow, or 

elastic cajtilnge. — 

This variety is also called 
reticiilaj- ; it occars in the 
epiglottis, in the eftr-lobe, 
in the Eustachian tube, in 
the cartilages of Wris- 
berg and tjantorini in the 
larynx. In the early 
stage this kind is hyaline. 
Gradual] J numbers £* 
elastic fibrils make thei, 
ion through appearance, growing into 

>, pEriebnnaiitiin i t, neiworiia o( ''^s cartilage matrix from 
'w'^St'^uSlIi"'"''"^ ""^ ™"' t"^^ perichondrium in a 
more or leaa vertical Axtea- 

tion, and branching and anastomo^xtg ^Ni'Ot^ 
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another. The final steige is reached when the groaod 
substance is permeated by dense networks of elastui 
ijhrils (Fig. 32), so arranged that spherical or oblong 
spaces are left, each of which contains one or two 
eartilafje cells, surrounded by a smaller or larger zone 
of hyaivne cartilage groimd txibslanoe. 



CHAPTER VTI. 



I 

associated ■wit^^ 



62. Bone, or osseous substance, i 
sereral other soft tissues to form an anatomical 
individual. 

(a) The periosteum.— Except at the articular 
surfaces, and where bones are joined with one another 
by ligaments or cartilage, all bones are covered with a 
vascular membrane of fibrous connective tissue. This 
is the periosteum. Xt consists in most instances of 
tut out«r^6row» laj/er, composed of bundles of fibrous 
tissue densely aggregated, and an inner, or osteogenetie 
layer, which ia of loose texture, consisting of a mesh- 
work of thin bundles of fibrous tissue, in which 
numerous blood-vessels and many protoplasmic cells are 
contained. The blood-vessels form by their capillaries 
a network. The cells are spheroidtj or oblong, each 
with one spherical or oval nucleus. They have to 
form bone-substance, and are therefore called the osteo- 
blaats (Gegenbaur). 

[h) The cartilage is hyaline cartilage, and its 
distribution on and connection with bone have been 
mentioned in ^ 56 aud £9. 

G3. (c) The marrow or bone is a vascular soft 
tissue, filling up aU spaces and cavities. It oonaista 
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of a 9maU twnotmt o/Jlhrotis tissue a8 a matrix, and 
in it are embedded numerovs bloodr^oessels and cMs. 
The few afferent arterioles break up into a dense net* 
work of capillaries, and these are continued as plexuses 
of veins, characterised by their size and exceedingly 
thin walls. The cells are of the same size, aspect, and 
shape as the osteoblasts of the osteogenetic tissue, and 
they are called mcvrrow cells, 

'In origin and structure, the tissue of the osieo- 
genetic layer of the periostewm and the ma/rrow are 
identical. In the embryo, the marrow is derived 
from an ingrowth of the osteogenetic layer of the 
periosteum (see below), and also in the adult the two 
tissues remain directly continuous. As will be shown 
later, the marrow at the growing ends of the bones 
is concerned in the new formation of osseous substance 
in the same way as the osteogenetic layer of the peri- 
osteum is in that of the surface ; and in both tissues 
the highly vascular condition and the cells (osteoblasts 
of the osteogenetic layer, and marrow cells of the 
marrow) are the important elements in this bone 
formation. Marrow is of two kinds, accordinff to 
the condition of the cella If many or most of these 
are transformed into fat cells, it has a yellowish aspect, 
and is called yellow marrow ; if few or none of them 
have undergone this change, it looks red, and is called 
red marrow. In the central, or marrow, cavity of the 
shaft of tubular bones, and in the spaces of some 
spongy bones, the marrow is yellow; at the ends of the 
shaft, in the spongy bone substance in general, and in 
young growing bones, it is red. 

The cells, especially those of red marrow, are the 
elements from which normally vast numbers of red 
blood-oorpuscles are formed, as has been mentioned on 
a former page. 

In marrow, particularly in red marrow, we meet 
with huge multinucleated cells, called Myeloplaxes of 
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Sobi-n. They are derived, by overgrowth from ordinary 
marrow eellfl, and are of importance for the absorption 
and formation of hone (see below). According to 
Heitzmann, Malasaez, and others, they also have to 
do with the formation of blood-vessels and blood- 
corpuscles. 

64. The matrix of osseous substance is dense 
fibrous connective tissue » « , a tissue yielding gelatin 
on boilmg The cement substance between the fibnls 
IB petrified owing to a deposit of insoluble inoiganis 
hme salts chiefly carbonates and phosphates These 
can he di^sohed. out by stiong acids (hvdroohlono) 
and aee thereby con\er1*d into soluble salts. Thus 
the organn, matrix cf jsseoiis substance — called oseem 
• — may be obtained as a soft flexible material, easily 

rhe bone substance is in the adult stitn generally 

lamellated, the lamellna heme; of microscopic thmneBBi 

Between every two 

kmellie are num 

bers of isolated, 

flattened oblong 

spaces — the bofte 

facuna {Fig 33), 

» 1) ic h anastomose 

mfrous fiine 

1 il with one 

tlipr and also 

illi those of the 

t lamella above 

and below The 

appearances are 

veiy similar to those presented by the lacuna and 

oanaliculi containing the corneal corpuscles as dea 

cnbed in Chapter V 

These bone lacnnse and their eanaliculi are the lymph- 
canalicular system of osseous substance, for they are 
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in open and free communication with lymphatic 
vessels of the marrow spaces and Haversian canals. 

65. In the bone matrix, each lacuna contains also 
a nucleated protoplasmic cell, called the bo7ie ceU, which, 
however, does not fill it completely. In the young 
state, the cell is branched, the branches passing into 
the canaliculi of the lacunae ; but in the old state very 
few processes can be detected on a bone cell, which, 
with its lacuna and canaliculi^ is called a bone cor- 
ptiscle. 

66. According to the arrangement of the bone 
substance, we distinguish compact from spongy sub- 
stance. The former occurs in the shaft of tubular 
bones and in the outer layer of flat and short bones. 
Its lamellae are arranged as : (a) concentric or Haversian 
lamelke, directly surrounding the Haversiam canals 
(Fig. 33a). These are fine canals of varying lengths 
pervading the compact substance in a longitudinal direc- 
tion, and anastomosing with one another by transverse 
or oblique branches. The Haversian canals near the 
marrow cavity are larger than those near the perios- 
teum. As a matter of fact, those next to the marrow 
cavity become gradually enlarged by absorption, until 
finally they are fused with the marrow cavity. Each 
Haversian canal contains a blood-vessel, one or two 
lymphatics, and a variable amount of marrow tissua 
These canals open both into the marrow cavity and on 
the outer surface into the osteogenetic layer of the peri- 
osteum, and they form the means by which the latter 
remains in continuity with the marrow. They are 
surrounded by numbers of concentric bone lamelloB, 
with the bone corptiscles between them, and this is a 
system of concentric Iqmelke, Near the external sur- 
face of the compact substance the number of lamellae 
in each system is smaller than in the deeper parts. 
(b) Between these systems of concentric lamellae are 
the interstitial or ground la/mellce; they run in various 
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directioos, and in reality fill the interaticea between 
the BjBtems of the Haveraian or concentric lamellee. 
Near the external surface of long bones they have pre- 
eminently a direction parallel to the surface. These afB 
ih.B cirGumJereTitial lamsllir ot Ttnies and de Morgan. 




tit. 331.— Compact Bone Huoiiuniia in CroH Ssction. 

The lamelliB of compact bone are perforated by per- 
pendicular petrified fibres, the per/oratinfj Jlbrea of 
Sharpey. They form a continuity with Ae fibres of 
the perioateum, from which they are developed. 

Some of these fibres are fine, and of the nature of 
elastic fibres. 

67. Spongy bone substance occurs in the end of the 
sliaft, in the apophyses, in short bones, and in tiie 
dipIoS of flat bones. The cavities or meshes of the 
' spongy substance are called Haversian spaces; they 
intercomnMinicate with one another, and are filled 
with maiTow, which in the young and growing state 
is generally of the red variety. The firm parts are of 
the shape of spicules and septa, called bone Irabecidee, 
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of varying length and thickness, and are oamposed 
lamellce of bone substance. 

According to the arrangement of the trabeci 
the spongy substance is a uniforni honey -combed 
stance, or appears lon^tudinally striated, as in 
end of the shaft. In. the latter case the marrow s^ 
are elongated and thetrabecahE more orless parall^, bafr 
anastomosing with one another by transverse branches. 

68. Development of bone. — Bone is developed 
in the embryo, and continues to be formed also after 
birth aa long as bone grows, either in the cartilage, or 
independently of this directly from the osteogenet' 
layer of the periosteum. The former mode is calif 
endochondral, the ]Bi.'L,ec periosteal, or inteTmembri 
formation. 

AU hones of the limba and of the vertebi 
column, the sternum, and the ribs, and the boi 
forming the base of the skull, are preformed 
early embryo as solid hyaline cartilage, covered with 
membrane identical in structure and function 
the periosteum, which at a later period it becomes. Th( 
tegmental bones of the skull, the bonea of the faoo, 
the lower jaw, except the angle, are not preformed at 
all, only a membrane identieal with the future perios- 
teum being present, and underneath and from it the 
bone i» gradually being deposited. 

69. Endocbondi'aJ formation. — The stage 
next to the one (I) in which we have solid hyaline 
curtilage covered with periosteum is the following 
(2): Starting from the "centre, or point, of ossifio*- 
tion," and proceeding in all directions, the cartilage 
b«oomes permeated by numbers of channels (cartilage 
ohaunela) containing prolongations (periosteal processes 
of Virchow) of tbe osteogenetic layer of the periosteum, 
t.«., veaaela and osteoblasts, or marrow cells. This is 
the stage of the vatanJariitation of (Ae carlilage. In 
the nest stage (3) the cartilage bordering on thesa. 
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cbannels grows more transparent, tlie lacunae becoming 
enlarged and the 
cartilage cells more 
traneparent. The \s,tr 
ter gradually break 
down, while the in- 
tercellular trabecuf B 
become calcified; 
the lacunae ^em- 
aelves, by absorp- 
tion, fusing with the 
cartilage channels. 
These latter there- 
by become trans- 
I formed into vrregu- 
\ lar cavities, which 
/ are bordered by, and 
into which projeot, 
trabecula ofccdaijUd 
caHilage. The cavi- 
ties are the primary 
■marrovi cavities, and 
they are filled witi 
the primwry or ear- 
iiJage marrovi, i.e., 
blood - Teasels and 
osteoblasts, derived, 
as stated above, from 
the osteogenetic 
layer of the perios- 
teum, (i) The 08- 

_ .„ „ m thTooBh 0)8 teoblasts arrange 

■dH™ FcBtaJ Hnme™ cJ « GoinBtpig. themselves by active 
"■rfi'<SJg?SiA!^.lr^^.E".¥;?Jii^oria'^;; multiplication as an 

^SaSoho^^tontiwngy.' ""=■"*"'"■ ejrltfuloid layer on 
the surface of ths 

calcified cartilage trabeoulie projecting into, and bor- 
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deling the primary marrow cavities. The oHeoblagis 
form hone iuhstcmcey and as this proceeds, the calefied 
cartilage trabeculce become gradually ensheathed a/nd 
covered vnth a layer of osseous std>stance, — ^the osseous 
matrix and branched bone corpuscles. Thus the 
original cartilage gradually assumes the appear- 
ance of a spongy substance, in which the cavities 
(primary ma^w cavities) ar; filled with the primaiy 
marrow, and are of considerable size, while the 
trabeculse bordering them are calcified cartilage 
covered with layers of new bone. The marrow cells, 
or osteoblasts, continue to deposit bone substance on 
the free surface of the trabecule, while the calcified 
cartilage in the centre of the trabecul® gradually 
becomes absorbed. 

70. The nearer the centre of ossification, the 
more advanced the process, t.e., the more bone the 
less calcified cartilage is found in the trabecule, 
and the thicker the latter. At the " centre of ossifi- 
cation," t.e., whence it started, the process is further 
advanced; away from it, it is in an earlier stage. 
At this period of embryo life, between the centre of 
ossification and a point nearer to the extremity of 
the shaft of a tubular bone, all stages described above 
may be met with, viz., between the solid unaltered 
hyaline cartilage at the end of the shaft, and the 
spongy bone with the unabsorbed remains of calcified 
cartilage in the middle of the shafb, all intermediate 
stages occur (Fig. 34). 

71. After birth, and as long as bone grows, we 
find in the end of the shaft, and to a further degree 
also in the epiphysis, a continuation of the above 
process of endochondral formation. In fact, all 
bones preformed in the embryo as cartilage ^rot^ m 
length before ami after birth by endochondral formation 
of new bone. "Die hyaline cartilage at their ex- 
tremities (intermediate or ossifying cartilage) is the 
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cartilage at the expense of which the r 
tornied, by the marrow (blood-vessels and 
eella or osteoblasts) of the spongy substance in con- 
tact with the curtilage. 

72. Following the derelopment of a tubular bone 
aft«r the above -mertti on ed utRge 4, we find that the 
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but becomes graduallj absorbed altogether, and this 
process also starts from the points of ossification. Thus 
a continuous cavity filled with marrow is formed, and 
this first appears in the region of the centre of ossifi- 
cation, and represents the rudiment of the future 
continuous central marrow cavity of the shaft Simul- 
taneously with or somewhat previous to this absorp- 
tion of the endochondral bone, new bone — spongy 
bone — ^is deposited directly by the osteogenetic layer 
of the periosteum on the outer surface of the en- 
dochondral bone. This also commences at the centre of 
ossification and proceeds from here gradually to further 
points. This is the 'periosteal heme (Figs. 34, 35). It is 
formed without the intervention of cartUage directly 
by the osteoblasts of the osteogenetic layer. And as 
fresh layers of osteoblasts by multiplication appear on 
the surface of the periosteal bone, new layers of bone 
trabeculse are formed, and also the old trabeculse become 
increased in thickness. In the meshes or Haversian 
spaces of this spongy periosteal bone the same tissue 
is of course to be found as constitutes the osteo- 
genetic layer of the periosteum, being derived from 
and continuous with it 

In these Haversian spaces concentric lamellae of 
bone substance become formed by the osteoblasts, and 
spongy iB thus transformed into compact bone, ^hile 
at the same time the Haversian spaces, being nar- 
rowed in by the deposit in them of the concentric 
lamellse, are transformed into the Haversian canals. 
When this compact bone is again absorbed — e.^., that 
next the central marrow cavity of the shaft of a 
tubular bone — ^the concentric lamellae are first ab- 
sorbed, the Haversian canal being in this way again 
transformed into a Haversian space. 

73. At birth all the primary endochondral bone has 
already disappeared by absorption from the centre of 
the shaft, wlule the bone present is all of periosteal 
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oi-igia. At tlie extremity of the shaft, however, the 
epouEy bone is aU 

JS-S^ ». ^ » - 



endochondral bone, 
and it coctinues to 
grow into the inter- 
meJiEtte cartilage as 
stated above, as loo^ 
as the bone as a whole 
prows (Fig. 36). 
Of courae the parts 
of this spongy bone 
nearest to the centre 
of the shaft ara the 
oldest, and ulti- 
mately disappear by 
absorption into the 



cavity. In the epi- 
phjais the spongy 
bone is also endo- 
chondral bone, ttod 
its formation is ooo- 
nectedwith the deep 
layer of the articu- 
lar cartilsge. 

Underneath the 
periosteum and on 
the surfcice of the 
spongy endochon- 
dral bone at the 
extremity of the 
shaft, the periosteal 
bone is represented 
only as a thin layer, 
extending as tar 

as the periosteum reaches, b.^., to the margin of tha 

articulai' cartilage. 
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74. intermembraBons 

bones not preformed in the embryo as cartilage are 
developed directly from the periosteum in the manner 
of the periosteal bone just described (F^. 37). Here also 




the nev bone is at first spongy bone, 'which in its inner 
layers gradually becomes converted into compact bone. 

In all instances during embryo life and after 
birth the grovrth of a bone in tinckneaa takes place 
after the manner of periosteal bone ; this is at first 
spongy, but is gradually converted into compact boae. 

75. All osseous substance is formed in the embryo 
and after birth by the osteoblast or marrow cells 
{Gegenbaur, Waldeyer) ; each osteoblast giving or^in 
to a zone of osseous matrix, and in the centre of this 



6a Elements of Histology. [ciap.Tir 

to a nucleated protoplasmic remnant, which gradual]; 
lieconiea branched and then represents a bone ceU. 
The OBseous matrix ia at lirgt a soft fifanllar tissue, 
but is gradually and uniformly impregnated with 
lime salts. This impregnation always starts from the 
centre of ossi^cation. 

76. Whei-ever absorption of calcified cartilage or of 
osseous substance is going on, -we meet with the multi- 
nucieated huge protoplasmic cells, called the mydo- 
plaaxB of Robin. Kolliker showed them to be impor- 
tant for the absorption of bone matrix, and called 
them therefore Oeleoc/agla (Fig. 37). For cartilage they 
may be caUed Choodroclasts. When concerned in thn 
absorption we find these myeloplaxes situated in 
smaller or larger pits, which seem to have been pro- 
duced by them ; these absorption pits or lacunce on the 
surface of bones are called Hownhip's lacunm. They 
invariably contain numberB of osteoclasts. It can, 
however, be shown that myeloplaxea are also oott- 
cemed in the formation of bone, by giving origin to a 
number of new osseous zones with their bone cells. 
In the earliest stages of development of the fiBtal jaw 
tiiis process is seen with great distinctness (JFig. 37). 

77. Dentine forma the chief part of a tooth. It 
consists of a petrified matrix, in which are numbers of 
perpendicularly-arranged canals — the dentinal tubes — 
containing the dentinal Jlbrea. It is in some respects 
similar to bone, although differing from it in certain 
essentials. It is similar, inasmuch as it is developed 
in like manner by some peculiarly transformed 
embryonal connective tissue^ — viz., by the tissue of the 
embryo tooth papilla — and inasmuch as cells are oaDr- 
cemed in the production both of the petrified matrix 
(impregnated with lime salts}, and of the processes of 
the cells contained in its canals — ^the dentine fibi 
The details of structure and distribution 
described in connection with the teeth. 
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CHAPTER Vin. 

NON-STBIPED MUSCULAR TISSUE. 

78. This tissue consists of nucleated cells, whi5h, 
Tinlike amoeboid cells, are contractile in one de&iite 
direction, becoming shorter and thicker during con- 
traction. 

The cells are elongated, spindUsha'ped, or bcmd-like 
(Fig. 38a), and drawn out at each extremity into a longer 
or shorter, generally single but occasionally branched, 
tapering process. Each cell includes an oval niuileua, 




Fig. 38a.— Non-striped Miiscular Fibres, isolated. 

The eroifr-jnarkinga indicate corrugations of the elastic sheath of the individual 

fibres. (Atlas.) 

which is flattened if the cell it belongs to is flattened. 
The cell-substance is a pale homogeneous-looking or 
finally and longitudinally striated substance. 

During extreme contraction the nucleus may 
become more or less plicated, so that its outline be- 
comes wavy or zig-zag. 

It has been shown (Klein) in certain preparations — 
e,g,, the non-striped muscle cells of the mesentery of 
the newt — ^that each muscle cell consists of a delicate 
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elastio skealk, inside of which ia a htitdle of minute 
^tferiij, which cause the longitudinal striation of the cell. 
These fihrils are the contractile portion ; and they are 
contractile towards the nucleus, with whose intranu- 
clear reticulum they are intimately connecteiL When 
the cell is contracted its sheath becomes transversely 
corrugated (Fig. 38b). 

79. The non-striped muscular cells are aggregated 
into smaller or larger bwndles by on interstitial albu- 
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J cement snbstance, the cells being 
imbricated with their extremities. The bundles may 
form a. plexvi, or thej may be aggregated by fibrous 
oonnective tissue into larger or smaller groups, and 
these again into continuous masses or membraTies. In 
the muscular coat of the bladder, in the choroid&l 
portion of the ciliary muacle, in the arrector pili, in the 
muscular tissue of the scrotum, very well marked 
plexuses of huudleB of non-atriped muscular cells may 
be met with. In the muscularis mucoste of the 
stomach and intestines, in the outer muscular coat of 
the same organs, in the uterus, bladder, &c., occor 
continuous membranes of non-striped muscular tissue. 

When the muscular cells form larger bundles they 
are more or less pressed against one another, and, 
therefore, in a cross section appear of a polygon*! 
outline. 

80. Non-striped muscular tissue is found in the 
following places : in the muscularis mucosie of the 
(esophagus, stomach, small and large intestine ; in the 
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outer muscular coat of the lower two-third? or half 
of the human resophsgus m that of the stomach Email 
and large nteEtme n the t eue of the pelvia and 
outer capsule of the k duey n the mu ular coat of 
the ureter bladde and ureth a m tl e tuhules of 
the ep d djmiia in the va. de .^ _ 

ferena, ves culsa sera nal s 
p ostate n the corpora c 
nosa, and spong osa 
tissue of the ovary \ 
ligamentum latum 11 
cular coat of the ov duct tl e 
uterus an 1 vagina m the soft 
or poster o pa t of the wall f 
the tra hea in the large and 
HEQall bronchi, m the al e lar ™ p ^ 

ducta and nfund hula of the ^h TitHuJuH b 
lung in the pie ra pul nonal s '".'^ "^ "^ 
(guinea pg) in the pen oneum „, ?'""™ 
of the fro^ and newt n tl » uu. 

upper part of the upp r vf 1 d 

and m the fi-is ra orl tal s n tl e sph ncter and | 
dilatator pupillie and the 
capsule and trabecule of the s] leen and the trabecule I 
of some of the lymphat c glands n the arrector p li f 
and sweat glands of the skm, the tunica dartos of 1 
the scrotum; in the tissue of the nipple of the breaati.! 
in the lai^e ducts of the salivary and pancreatio 1 
gland ; and in the tnuscuJar coat of the gall bladde*, ' 
the hepatic and cystic duct The aortji and tha I 
arteries have a larger amount of non-striped muscular I 
tissue, the veins and lymphatics a smaller. I 

81. As regards length, the muscular cells vaiy I 
■within conBiderable limits (from ^ to -Jg of an inch), I 
tliose of the intestine, stomach, respiratory, uriiiary,fliid T 
genital oi^ans being very long, as compared withi 1 
those of the blood- vpssela, which ai-e soraelimes only J 
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twice or thrice as long as they are broad, and at the 
BBme time branched at their extremities. 

Non-striped muscular tissue is richlj supplied "with 
biood- vessels, the capilliLries formiiig obloiig meshea, 
though their number is not bo great as in striped 
muscle. The nerves of non-striped muscle are all 
derived from the sym]jathetio ; their distribution and 
termination will be described in a future cliapte^ 
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82. This tissue is composed of extremely long (up 
to lJ-2 inclies) more or less cylindrical Jibreg, oi a 
diameter varying between j^j to -^^ of au inch ; they 
appear ti-ansversely striated. These are the striped 
miiBculaT Jihreg. They are held together by delicate 
bundles of fibrous connective tissue, with the ordinary 
coanective tissue Qelia—endoTnysium, — -so as to fonn 
larger or smaller Inindles ; these again are aggregal^d 
together by stronger bands and septa of fibrous ooii' 
nective tissue — periniysimn — into gTOii.pt, and these 
into the fasciclea or divisions of an anatomical muBcla 
The fibrous connective tissue, including the perimyfiimn 
tissue, is the carrier of the larger vascular and nervous 
branches. The endomysium contains the capUIarie^ 
which form very rich networks with elongated meshes, 
and are always situated between the individu^ 
muscle fibres. The capillaries and veins appear very 
wavy and twistoil in the contracted bundles, and 
Btrtd^'htcr in the uucontracted bundles. The small 
vessels are provided here and there with peculiar bi 
lap dilatations, which act as a sort of safety reoept 
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for the blood when, during a sudden msiximal contrao- 
tion, it is pressed out from some of the capillaries. 

83. Each muscaUr fibre during contraction b»- 
oomea shorter and thicker. In the liTiug uninjured 
mttscular £bres, spontaneously or after the application 
of a. stimulus, a contraction starts at one point and 
passes over the whole muscnlar fibre like a wave — 
eontrw^ion twin*— the progress of which is noticeable 
hj the thickening, gradually and rapidly, shifting along 
the fibre, thepart behind resumingits previous diameter. 

84. When looked at in the &esh state, or after the 
action of certain re-agent«, the muscular fibre shows tlie 
following parta 
(Kg. 40): (l)a , 
transparent ho- 
mogeneous deli- 
flate elastic 
abeath, the sar- 
oolemma ; (2) 
dark delicate 
lines stretching 
atrcma the fibre 
ttt regular inter- 
TBis, so as to 
Bub-divide the 

re within 
Barcolemma 
into uniform 
transverse com- 
partments, the 
imitcular com- 
partmenU of 

dark lines are fj£™h2f£S^J^nLSJrt!'iJ'SMa"frm'{L'SS 
the nwjnJnmw K^ai^Sr^^il^m»^i>^T°'^™^ 
qf Kraiue. Un- 
der a high power they seem permeated or broken up by 
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a great number of fine, clear, lonfritiidinal linps {see be- 
low), ajid therefore under these conditions seem to be 
made up of one row of granulea. The membranes of 
ErauBe appear fixed to the aarcolemma, bo that while 
a fibre contracts, or whiJe it is contracted or shrunk, 
owing to tlie action of hardening re-agenta, or merely 
in consequence of being detached from its fixations, ita 
surface is not smooth, but regularly and transversely 
undulating, the valleys being caused by the attachment 
of the membranes of Krause to the sarcolemma. 
On stretching a fibre beyond its natural passive state, 
the surface becomes also uneven, and unduhtting, but 
in a reverse munner from the above. 

85. These two membranous structures represent, 
as it were, the framework. In the muscular com- 
partments is contained the muscular substance, which 
again consists of (a) Uie contractile or chief guhgtaanea 
(Rollett), which is a dim, broad, higlily refractive, 
doubly retractive disc, occupying the greater part of a 
compftrtment, except a thinner or thicker layer at the 
side of KrauBe'a membrane. Thia layer is (6) a trans- 
parent homogiineoiiR fluid 8ubstance,forDiingthe lateral 
disc of Engelmann, or the secondary Bfibslartee of 
Eiollett. It is isotropouH. In thia lateral disc ooca- 
sionaUy a tranaverae row of granules appeara present^ 
but thia is by no means of conatant occurrenca The 
contractile disc seems bomogeneons, but is in reality 
composed of prismatic or rod-shaped elenienta, the «ir- 
emig ehmsTiU of Bowman, each being as long as the ooit- 
tractile disc. They are very close, and there is lafi 
between them in the freah and living state an exceed- 
ingly minute layer of a homogeneous transparent 
interstitial substance, identical with that of the latent 
disc. After death and shrinking of the saroous 
elements, thia interstitial substance is more marked, 
and is then easily perceived as longitudinal clear 
lines separating Uie sarcoua elements in the iiuli- 
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vidual conlpartments. The total appearance pro- 
duced is that of longitudinal striation, the sarcous ele- 
ments of successive compartments forming fibrils — 
called the primitive fibrils. Sometimes in hardened 
muscular fibres the substance of the sarcous elements 
shows a middle transparent portion for the whole 
contractile disc; this appears to form a distinct 
median transparency, known as the median disc of 
Hensen. 

86. Of course, each such fibril is a successive row 
of sarcous elements, with the corresponding portion of 
Krause*s membranes, and the adjacent portions of the 
lateral discs. GeneraUy, each fibril is thinnest at the 
point of Erause's membrane and lateral discs, and 
thicker at the part corresponding to the sarcous ele- 
ments, so that in reality it is of a moniliform shape 
(Haycraft). This varicose condition is the more appa- 
rent the shorter and thicker the individual sarcous 
elements are (Fig. 43a, b and c). 

These differentiations due to structure alone are 
sufficient to produce a transverse striation of the mus- 
cular fibres; but it must be borne in mind that a fibre 
when contracted or shrunk, even in the smallest degree, 
would show a transverse striation due to the above- 
mentioned undulating surface. Any other fibre with a 
moniliform shape would show the same transverse 
striation (Haycraft) ; and that usually observed on 
hardened — i.e,, shrunk and more or less contracted — 
fibres, may be accounted for in this way. Fibres 
stretclied or prevented from shrinking generally show 
pronounced longitudinal striation, but also very faint 
cross striae ; these latter are due to the structural 
differences. 

87. On observing a transverse section through a 
fresh and living muscular fibre, the muscular substance 
inside the sarcolemma appears as a transparent ground- 
glass-like substance, crossed here and there by bri^Ck^ 
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lines. These lines gradually increase in namber, and 
ao join, that idtimately they form a dense network. 
Thus a more or leaa regular pattern of smal] polygonal 
fields 13 produced, which are styled Cohnheim's areas or 
fields (Fig. 41). Each corre- 
sponds to the end-view or 
optical Bectiou of a sarcoua 
element prism, and is granu- 
lar, as if composed o£ a 
bundle of minute fibrils. 
If this be the case, each 
sarcous element will have to 
be considered as a bundle 
of rods. The bright lines 
producing the Cohnheim's 
fields are the interstitial 
substance. When a mnacle 
fibre shrinks, after death 
or after some hardening re- 
agents, Cohnheim's fields 
shrink into small circular areas, separated by a reia- 
tively large amount of the interstitial substance. 

88. During contraction tlie cross striation is miicb 
narrower, the dim disc becoming shorter in the long 
diameter of the fibre, but broader in the transverse 
direction. 

The broader the lateral disc in a fibre, the more 
apart from one another are the dim or contractile 

On the surface of the substance of the muscle 
fibres, but within the sarcolemraa, are seen isolated 
oblong nuclei, which belong to small protoplaamic, 
more or less bi-anched corpuscles — the tmiacle cor- 
piiicles. In the adidt fibres these are few and far 
between ; in the young and growing fibres they an 
numerous and large. Their protoplasm is tte sab- 
stance which, becoming converted into the mascultf 
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substance, is the material at the expense of which 
new fibres are formed, or fibres already formed 
become tMckeued, as is the case when muscle fibres 
are kept at constant work. ^ 

In the muscular fibres of man and most verte- 
brates (except the fibres of the heart), the muscular 
corpuBcles ore situated on the surface of the muscular 
substance ; but in invertebrates (especially insects and 
Crustacea) they are often found in the central part 
of the fibres, and here they are occasionally seen 
forming almost a continuous cylindrical mass of nu- 
cleated protoplasmic cells. 

89. In the embryo the muscular fibres are de- 
veloped from spindle^haped nucleated cells (Remak, 
Weissmann, Eolliker). One spindle-shaped cell with 
an oval nucleus grows rapidly in length and thick- 
ness, its nucleus divides repeatedly, and the ofiTspring 



Fig. 41— A Striped Mownlu Tifare of tii< DUphn«n ti a 

Ghainea-pjff. 

Tlie mD«ele-cDrinH^« 4re modi Incmjwil Id fllu uid nurnben; Ghpy m 

become shifted from one another as the cell con- 
tinues to grow in length. The protoplasmic aub- 
Btance all along one aide of the cell gives origin to 
the muscular substance — sarcous elements and lateral 
disc — while a small rest of protoplasm remains col- 
lected aronnd the nucleus as the muscle oorpascle. 
lluB protoplasm continues to increase in. ssnwis*.. 
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and then tlie increment again changes into nmscular 
substance {fig. 42). In lliia way the muscular tibre 
increases in thickueaa. Thus one apindle-shaped 
embryo cell gives rise to one muacular fibre, which, 
at first Tery slender, contiiiues to grow lu tbickneae 
by the active growth of the miiacle corpusclea. The 
sarcolemma appears to be formed Erom 
I cells other than muscle cells. 

90. The striped muscular fibres, taken 
as a whole, are, as a rule, spindle-shaped, 
becoming gra.dually thinner towarda their 
ends. They are branched in some excep- 
tional cases — e.y., in the tongue ; here 
the extremities of the muscle fibres, 
passing in a transverse direction into 
the mucous membrane, become richly 
branched. 

91. Muscular fibres terminate in 
tendons, either by the whole fibre passing 
into a bundle of connective tissue fibrils 
(Fig. 43), or by the fibre ending abruptly 
with a blunt, conical end, and becoming 
here fixed to a bundle of connective tissue 
fibrils. The individual fibres have only, 
as mentioned above, a relatively limited 
length, so that, following an anatomical 

'^'ItriBeTMut fascicle from one point of its insertion to 
BSMia/'fi'io the other, we find some, muscle fibres 
mreiu tSJ terminating, others originating. This 

tJ!11'ibiUcis In tskea place in the following way : the 

j|oj™(a«* contents of a fibre suddenly terminate, 

while the sarcolemma, as a fine thread, 

becomes interwoven with the fine connective tissue 
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93, The striped muscular fibres of the heart 
{auricles and ventricles) and of the cardiac ends of 
the large veins (the pulmonary veins included) differ 



short branches, or con tiu dally dirid- 
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from otlier etriped muscul&r fibres in tlie foUowi 
respects: — {\) They possess no distinct soreolemi 

(2) Their mnscle oorpnscles are in the centre of 
fibres, and more numerous tlian in ordinary fibre*. 

(3) They are very rioUy bi-anched, each fibre giving off 
aJl along its court 
ing into smaller 
tibres and form- 
ing a close net- 
work(Fig.43A.) A 
transverse section 
through a bundle 
of such tibres 
shows, therefore, 
their cross sections 
irregular in xbape 
andsiza (4) Each 
nucleuaof a muscle 
corpuscle occupies 
the centre of one 
prismatic portion ; 
each, libre and its 
branches thus 
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I portions, and they *-,tiMtDinMSJTii'n"S>5!-' 
seem separated ^liCllirlTlwiiil;: " 
from one another n;nrehiBiiijm»sniflBd. 
^-at any rate in an 
early stage— by a septum of a transparent substance. 

93. Muscular fibres seem either markedly pale 
or markedly red (Kanvier) ; in the fonner [r-g.^, 
quadratus lumbonim, or adductor magnus femoi*-' 
of rabbit) tlie transverse striation is more distil 
and the muscular corpuscles less numerous, 
in the latter {e.g., senii-tendinosua of ] 
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diaphragm). Here the loagitudinal striatioD ap- 
pears very distinct, but these ditlerences are not 
constant in other muscular fibres of othtr animals 
(E. Meyer). 

94. Brdcke has shown that striped muscular fibres 
are doubly refractive, like uniaxial positive crystals 
(rock crystal), the optical axis coinciding with the 
long axis of the fibr^ The lateral disc and intei^ 
stitial substance are isotropous, the sarcous elemenls 
(Briicke) and Krause's membraDe (Gngelniann) being 
doubly refractive. The sarcous elements are, how- 
ever, not the ultimate optical elements, but mtiat be 
considered ua composed of disdiaclasts, the real doubly 
refractive elements (Briicke). 



CHAPTER X. 

THE HEAKT AND BLOOD-VESSEta 
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95. {a) Till! heart consists of an outer seroos 
covering {(Ae viaceral pericardivm), an inner lining 
{the endocardivm), and between the two the msisealter 
wall (Fig. a). tJudemeath the pericardium tind m- 
docardium is a loose connective tissue, called the anb- 
pericardial and subendocardial tissue respectively. 

The free surface of both the pericardium and 
endocardium has an endothelial covering, like other 
serous membranes — i.e., a single layer of transpareal 
nucleated cell plates of a more or loss polygonal or 
irregular shape. The ground-work of these two meia- 
branes is fibrous connective tissue, forming a dense 
texture, and in addition there are many elastic fibrtB 
composing networks. Capillary blood-vessels, lymphatic 
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s of the musmlftr 



fibrous connective ttssae^ 
tbe intermosciilu' conneetivB 
pvt of the bfttrt. 
The fonner eontains "»>^^' 

groaps of ivX cells. 

96. Oq the free 
surface of the papiU 
l&ry muscles, in some 
parte of the sorface < 
of tbe tivbeculffi car- 
oeae, and at the inser- 
tion of the valves, 
tbe endocardium is 
thickened by ten- ^ 
dinouB connective 
tissue. The valves 
tiiemeelves are folds 
of the endocardinm, ' 
and oontaiu in their 
essential parts fibrous pj^;, m. 
connective tissue, to 
which, especially in 
the semilunar valves, oTuf^V ^ ^m^iu' 
numerous elastic 

fibres are added. The muacalar tissue of (he walL 
of tbe auricle penetrates a abort way into tlie 
ventricular valves. 

All tbfi cordte tendineie and tbe valves nre of coui 
covered on their free surfaces with (-ndotheliiim. 

Special tracts of musoie tibres 
endocardial tissue. 

ThejWres of Fu/rkinje are peculiar fibres occui 
iu the subendocardial tissue in st 
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birds (not in man). Tliey are thin, traofivereely striped, 
muscular fibres, the central part of which is a con- 
tinuotis mass of protoplasm, with nuclei at regular 
intervals, the same as is the case with some skeletal 
muscular fibres of insects. 

97. The muscular fibres forming the proper wall 
of the heart, the structure of which has been described 
in the previous chapter, are grouped in bundles 
separated by vascular fibrous connective tissue. In the 
ventricles the bundles are aggi-egated into more or leas 
distinct lamells. 

Like other striped muscular fibres, those of tho 
wall of tile heart are richly supplied with blood-vesaels 
and lymphatics. The endocardiuni and valves and the 
pericardium possess their own systems of capillaries. 

The lymphatics form a pericardial and an endo- 
cai-dial oetwork, the muscular substance of the heart 
having numerous lymphatics in the shape of lymph 
clefts between the muscular bundles, and also typical 
networks of tubular lymphatics. 

98, The nerve bi-anches of the plexus cardiacos 
form rich plexuses. In connection with some of 
them are found numerous collections of ganglion cells 
or ganglia. These are very numerous in the nerve 
plexus of the auricular septum of the frog's heart (Lud- 
wig, Bidder), and in the auriculo- ventricular septum 
of the frog (Dogiel), In man and mammals numeroua 
ganglia are found on the subperi cardial nerve branches, 
ciiiefly at the point of junction of the large veins with 
the heart, and at the boundary between the auricles 
and the ventricles, 

39. (b) The arteri«B (Fig. 45} consist of: (a) an 
endot/ielial layer lining the lumen of the vessel i (6) an 
i-niima consisting of elastic tissue ; (c) a media, con- 
taining a large proportion of non-striped muscular oelic 
arranged chiefly in a transverse, i.e., circular, manner; 
and (c^ an adventitia composed chiefly of fibrous 
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connective tdssne, with sa admixtiii« of oetwo^s of 
elastic fibres. 

(a) The endotheliom la a contmaoas single layer 
of flatbened elon e ,__^ 
gated cell platea i ^^J^^m 

(b) The inti ^^-'^^-^ 
ma in the aorta 
and large artenea 

plex Bbracture 
conaiating of an 
umermoat l&jei- 
of fibroos eon 






which IS the 

dtnal fibrtrus 

layet' of Remak 

outside of which 

IS a more or less 

longitnd nallj 

ammged elastic 

membrwie. This 

is lammated, and 

composed of 

/«nes^-ated eltulic membrane* of Herde (see a former 

chapter). The greater the artery the thicker the 

intima. In microscopic arteries the iatima is a thin 

fenestrated membrane, the fibres having distinctly a 

longitudinal arrangement. 

(c) The media is the chief layer of the wall of the 
arteries (Fig. 46). It consists of tranaversely arranged 
elastic liunelln (fenestrated membranes and networks 
of elastic fibres), and between them smaller or larger 
bandies of circnlarly arranged moscular cells. The 
larger the arteiy the more is the relation of elastic 
and muscular tisane of the media in favoar of the 
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former id the emalier artenea the reverse is the ease. 
In roicroBcopic branches of arteniiB the media conststa 
almost entirely i 



cular non-atiiped muscle 
cells with only few elas 
tic fibres 

100 In the last 
branches of the micro- 
scopic ait<*ries the mus- 
cular media liei omes dia- 
contmnouE, inaMnuch as 
the (circular) muscnlar 
cells are arranged not as 
a continuous membrane, 




but E 



I of I 



cells (in a unple layer) 
lore or leas alter- 
g nate fashion. 

\\ hen the media 

contncts, the mtima 

IS ]>laLed in longitudinal 

folds. 

The aorta has in tbe 

Vlg M.—Tmwvene Section tliriMigh innermost and 111 the 

SS^'SS'SS'"""" outermoit pjrl. of tta 
media, numbers of lon- 
gitudinal and oblique 
iir™-^'he'im«'li'li«i?i5uiitr'iii"nw miiBcle cells. Accord- 
ttau 1^ itta wHTjr. (aium.) jj|g to Bardelebeo, all 

large and middle-sued 
arteries have an inner longitudinal muscular coat. 

101, Between the media and the next outer lajtf 
there is, in larger and middle-sized arteries, a Hpedol 
elastic membrane, the elantKa externa of Henla 
(d) The adventitia is a relatively thin fibroua con- 
nective tissue membrane. In large and middle-owd 
arteries tiiere ai-e numbers of elastic fibres present 
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espedlallj in the part next to the media ; tbej form 
netwiH'ka, and have pi»eiiuiieatly a kmgitudmal 
directioo. 

The larger the Aiieej the more insignificant is the 
adventitia as compared with the thickness of media. 

In mi<xoscc^e arteries {Vig. 47), the ^.i r 
adventitia is represented by thin bundles ' 
of filwoos oonnectiTe tisiate and branched 
connectiYe tissae cells. 

Ijbi^ and middle-eiEed arteries poo- ) 
sess their own ^atem of blood-vessels r 
(vasa vaaorum), situated chieflj in. i 
the adventitia and media ; lymphatic , 
-vessels and lymphatic clefts are also 1 
present in these coats. 1 

102. (c) tlie vetes differ from the \ 
arteries in the greater thinness of their 
wall The iatima and media are similar 
to those of arteries, only thinner, both |i 
abaolately and relatively. The media 
contains in most veins circularly ar- 'S, *i' " "'■"'," 
langed muscnlar fibres ; they form a oon- AitFr>, 
tinuous layM', as in the arteries, and ''i^^S^'iiB^. 
there is between them geaenilly more K:s'^'s,S«i 
fibrous connective tissae than elastic S^JS'^wSS 
The adventitia is usually the thickest coat, Uuif'''™"''* 
and it consists chiefly of fibrous conneo- 

tive tissae (Fig. 46). The smalleat veins— t.B., before 
passing into the capillaries — are composed of a lining 
endothelium, and outside this are delicate bundles of 
connective tisane forming an adventitia. The valves 
of the veins are folds, consisting of the endothelium 
lining the surface, of the whole intima, and of part 
of the muBCiilar media. 

103. There are many veins that have no muscular 
fibres at all, e.g., vena jugularis^intema and extemn, 
— the vena subclavia, the veins of the bones an<l 
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retina, and of the membranes of the brain and cord. 
Tliose of the gmvid «teruB have only longitadina! 
muscular fibres. The vena cava, azygos, hepatica, 
spermatica iotema, renalis and axillaris, possess an 
inner ciroular and an outer longitudinal coat. The rena 
iliaca, cmralis, pDplit«a, mesentarica, and umbilioalts 
poBsesB an inner and outer longitudinal and a middle 
circular muscular coat. The intima of the vena; 
pulmonales in man is connective tissue containing 
circular bundles of non-striped muscular cells (Stieda). 

104. The trunk of the venie pulmonales poRseases 
striped muscular fibres, thetie being continuations of 
the muscular tissue of the left auricle. 

105. Hoyer showed that a direct conmiunicatiou 
exists between arteries and veins without the inter- 
vention of capillaries — as in the matrix of the najl, 
in the tip of the nose and tail of some mammals, in 
the tip of the fingers and toes of man, in the margin 
of the ear lobe of dog and cat and rabbit. 

In the cavernous tisane of the genital organs 
veins make large irregular sinufies, the waU of which 
is formed by fibrous and non-strijied muscular tissue. 

106. (d) The captUaiT blood-vessels are 
minute tnbes of about j-^j^ to ^g'^^ of an inch in 
diameter. Their wall is a single layer of tranaparrait 
elongated endot/ielial plates, separated by thin lines of 
cement substance (Fig, 48) ; each cell has an OYal 
nucleus. In fact, the wall of the capillaries is merely 
a continuation of the endothelial membrane Uiung 
the arteries and veins. 

In some places the capilhtries possess a spe^l 
advenCUia made up of branched nucleated coonective 
tissue cells (hyaloidea of frog, choroidea of mammals), 
or of an endothelial membrane Ijiia mater of brsia 
and cord, retina and serous membranes), or of adenoid 
reticulum {lymphatic glands. His). 

The smallest capillaries are found in the centtitL 
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aystent, the largest in the marrow of bone. 
The capillaries form always networks, the richnesB and 



I 




anungemeat of which vaiy in the different orga 
nvcording to the nature and arrangement of the e 
ments of the tissue (Fig. 49). 
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107. If oapillarieB are Abnormally distended, as 
in inflamiaation, or otherwise injured, the cement sub- 
stance between the endothelial plates is liable to givo 
■way in the shape of minute holes, or ttigmata, which 
may become larger holes, or stomata. The passage 
of red blood oorpusclea (diapedesis), ttad the migration 
of white corpuscles in inflammation through the 
unbroken capillariea and small veins, occur througli 
these stigmata and stoTO.ata. 

108. Voung and Growing Capillaries, both 
of normal aad pathological tissues, possess solid tliread- 




I WAe ehorter or longer nucleated 

B {I'ig' BO), into which the canal of the capillary 

■ gradually prolonged, so that the thread becomes 
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verted into a new capillary brancli. Such growing 
capillaries are capable of contraction (Strieker). 

All blood-veseels, arteries, yeins, and capillarioj^ 
in their early stages, both in embryonal and adult life, 
are of the nature of minute tubes, the wall of 
■which consists of a simple endothelial membrana 
In the case of the veseel becoming an artery or vein, 
cells are added to the outside of the endotheUuiD, 
thus forming the elastic, muscular, and fibrous con- 
nectiye tissue elements of the wall. 

109. In the first stage, both in the embryo and 
in the adult, the ^ 

vessel is repre- 
sented by a solid 
nucleated proto- 
plasmic cell, elon- 
gated or spindle- 
shaped or branch- 
ed. Such a cell 
may be an isolated 
cell of the connec- 
tive tissue inde- 
pendent of any 
pre-exiBtiog vessel , 
or it may be a 
solid protoplasmic 
outgrowth of the 
endothelial wall of 
an existing capil- 
lary vessel {Fig. ^-^ 
51). Inbothcases 
it becomes hoi- '•Jj'EJ 
lowed out by a [^"(^J 
process of vacuola- 

tion ; isolated vacuoles appear at first, but th^ 
gradually become confluent, and thus a young 
iormed, at first very irregular in outline, but gradualljr. 
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aoquiving more and more of a tubular form. In tlie 
case of an isolated oel1, its protoplasmic processes 
grow by degrees to the nearest capillary, to the wall 
of which they become fixed, and the cavity of the cell 
finally opens through such processes into tlmb of the 
capillary vessel. 

The wall of young capillarieB is granular-looking 
protoplasm (the original cell substance), and in it 
are disposed, in more or less regular fashion, oblong 
nuclei, derived by multiplication from the nucleus of 
the original cell. In a later sti^, a differentiation 
takes place in the protoplasmic wall of the capillary 
into cell-platea and cement substance, in sach a way 
that each of the above unclei appertains to one ceU- 
plate, which now represents the final stage in the 
formation of the capillary. Both in the embryo and 
in the adult a few isolated nucleated protoplasmic cells, 
or a few protoplasmic solid processes of an existiiig 
capillary, may by active and continued growth givfl 
origin to a whole set of new capillaries (Stricfeffli 
ACfanasiefi', Arnold, Klein, Balfour, Kanvier, Leboucq}. 



CHAPTER XI. 

THE (.YMPHATIC VESSELS. 

110. The lai^e lympbatlc tranhSi suoh as 

thoracic duct, and the lymphatic vessels paasing to and 
from the lymphatic glands, are thin-walled Teasels, 
similar in structure to arteries. Their lining endolJie- 
lium is of the sume character as in an artery, and so art 
the elastic intima and the media with its circular mn>- 
cular tissue, only they are very much thinner than in 
tmi artery of the same calibra The adventitia is | 
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exceedingly thin oC'Siftcri-t tiwa-^ Ci*n-"-^i:r 
few elastic tibres. Tiii T-kiT-^s h-e^ i^^- ^-.---.i. 
tlie endothelium aitd iLTimk. 

111. The Ir^pkadrc i=L ■Ci-'sis:^ i^ 
form rich pleziu««. TLer fcpe- Tc-.clt; v^aE^la 
of which is, like that of & oai-illMy ■■l>i»&-ivsir: 
layer of endothelia] -^^oiMA ■ ¥iz. l-L .. Tiit . 
may be, and oft«a is. Uii^j r"a^ 'vider ' 
capillary. The t " 




not BO long aa in a blood capillary, with more or lera 
sinuous outlinea, but this depends on the amount of 
shrinking of the tissue in which the vessel is eiiilWited ; 
when there is no shrinking in the tissuR or in tlip vexsel, 
the outlines of the cells are more or less stmighL 

The lymphatics are supported by the fibrous con- 
nective tifisue of the surrounding tissue, which doe« 
not, however, form part of their wall. 
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112. The outline of the vessel la not straight, but 
more or less nioniliform, owing to the alight dilatations 
preaent below and at the ientirlunar vtUvea ; these are 
folds of the endothelial wall, and they are met with in 
great numbei'B. The vessel appears slightly dilated 
imiuediately below the valve, that is, on. the side 
farthest from the periphery, or rootlet, wheuce the 
current of lymph starta. 

113. Tracing the lymphatic vessels in the tissues 
and organs towards their rootlets, we come to more or 
less irregulal^flhaped veasela, the wall of which also 
consists of a single layer of polygonal endothelial plates ; 
the outlines are very sinuous. These are &b ^m- 
phalic capillariea ; in some places they are mere clefts 
and irregular sinuses, in others they have more the 
character of a tube, but in all instances they have 
a complete endothelial lining, and no valves. 

Sometimes a blood-vessel, generally arterial, is 
ensheathed for a shorter or longer distance in a 
lymphatic tube, which has the character of a lym- 
phatic capillary ; tliese are the periviMcula/r li/vtphaties 
of His, Strieker, and others. 

114. The rootlets or (be Irmpliatlcs are situ- 
ated in the connective tissue of the different organs 
in the shape of an intercommunicating system of 
crevices, clefts, spaces, or canals, existing between the 
bundles, or groups of bundles, of the connective tisautt. 
These rootlets are generally without a complete endo- 
thelial lining, but are identical with the spaces in 
which the connective tissue corpuscles are situated; 
where these are branched cells anastomosing by tbeir 
processes into a network — such as tbe cornea, or serous 
membranes— we find that the rootlets of tlie 1 vniphati(a 
are the lacunie and canaliculi of these cells — the typic^ 
lymph-canalicular system of von Recklinghausen. (Fig. 
63). The endothelial cells forming the wall of t^ 
lymphatic capillaries aro directly continuous with the 
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connective cells eituated iii the rootlets. In tendons 
and fascife the minule lymphatics lie between tie 
bundles, and have the sbftpe of continiiouif long clefts 
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r channels ; in striped muficular tissue they have t 
ame cb&raoter, being situated between the musculal 

The passage of plasma from the minute arterii 
and capillary blood-vessels into the lymph-rootlet 
situated in the tissues, and thence into the lymphaf' 
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capillaries and lympbatio vessels, represents the nataral 
current of lyinph irrigating the tissues. 

11^. Iiympli cavities. — In some places the lym- 
phatic vessels of a tissue or organ are possessed of, or 
connected with, irregular ly-ah aped large sinuses, much 
wider than the vessel itself ; these cavities are the 
lymph sinuses, and their vail is also composed of a 
single layer of more or leaa polygonal endothelial 
plates with very siimoua outlines. Such sinuses are 
found LQ connection with the subcutaneous and sub- 
mucous lymphatics, in the diaphragm, mesentery, liver, 
lungs, &C. On tie same footing— ie., as lymph 
sinuses — Hf«nd the comparatively liirge lymph cavities 
in the body, such as the suhdural and sabarachnoidal 
spaces of the central 
nervous system, the 
synovial cavities, the 
cavities of the tendon- 
aheatha, the cavity of 
the tunica vaginalis 
testaB, the pleural, 
pericardial, and peri- 
toneal cavities. In 
biktrachian animals, 
e.g., frogs, the skin all 
over the tiunk and' 
extremities is sepa- 
rated from the sub- 
jacent fascife and 
muscles by lai^e bsigs 
or sinuses— the »vb- 
ciiianeaus lyvi^k met. 
These sinuses are abut 
Between the trunk 
and the extremities, arid on the latter, the septa 
in the region of the joints. In 
frogs in the mesogastrium smaller or larger 
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cysts lined with ciliated eudotheHum 1 
found. Behind the peritODeal cavity of the frog, 
akmg and <ni each aide of the vertebral colomn, exists 
a aiiEular large lymph sinus, called the cisteraa lympha- 
tica magna. 

116. In all instances these cavities are in direct 
communication with 
the 13'mphatics of the 
surrounding parts by 
holes or open mouths 
(stomafti), often lined 
\(j a special layer of 
polyhedr^ endothe- 
lial cells — germinat- 
ing cells (Figs. 64, 
65). Such stomata 
are numerous on tlie 
peritoneal etirface of 
the centra] tendon of 
the diaphragm, 
which are found 
straight lymph chan- 
nels between the 
t«ndon bundles, and these channels communicate here 
and tiiere with the free surface by stomata. A 
similar arrangement exists on the costal pleura, the 
omentum, and tlie cisteriA lymphatica magna of the 
frog. (See Chapter IV.) 

117. The serous membranes consist of a 
matrix of fibrous connective tissue with networks of 
fine elastic fibres ; tltey contain networks of blood 
capillaries and numerous lymphatic vessels arranged in 
(superficial and deep) plexuses. Those of the pleura 
coetalis — or rather, interoostolis — and of the diaphragm 
and pleura pulmonalis, are most numerous, lliey are 
important in the process of absorption from the pleural 
and peritoneal cavity respectively. Lymph and lymph 
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corpuscles, and other formed matter, are readily taken 
up by the stomata (see Fig. 20) and brought into the 
lymphatics, and in this the respiratory movement of 
the intercostal muscles, of the diaphragm, and of 
the lungs respectively, produces the result of the 
action of a pump. 

118. There is a definite relafion between the 
lymphatics and the epithelium covering the mucous 
membranes and lining the various glands and between 
the endothelium covering serous membiuneB and that 
lining vessels and lymph cavities — -vi;;, the albumin- 
ous semifluid cement substance (see former chapters) 
between the epithelial aJid endothelial cells is the 
path by ■which fluid and formed matter pass between 
the surfaces and the Ijmph- canalicular system, the 
latter being the rootlets of the lymphatics. 

119. Lympb taken from the lymphatics of dif- 
ferent regions difiers in composition and structure. 
That from tho thorucic duct contains a large 
amount of colourless or white corpuscles — lymph cor- 
pusclea— each of which ia a protoplasmic nucleated cell 
einiilar in aspect and nature to a white blood corpuscle. 
They are of various sizes, according to the s^ige of 
ripeness. The smaller contain one, some of the larger 
contain two and three, nucleL The latter show more 
pronounced amceboid movement than the small on^, 
A few red coipusclea are also met witL Granular 
and fatty matter is present in large quantities during 
and after digestion. 

In the frog (and also in other lower vertebrates, 
i.g., reptiles) there exist certain small vesicular lymph 
cavities, about an eighth of an inch in diamet«F, 
which show rhythmic pulsation ; they are caUed h/m/pK 
hearts. On each side of the os coccygis and underneath 
the akin is a pulsating posterior lymph heart. Tiie 
anterior lymph heart is oval, and situated on each 
side between the prooesHua transveraua of the third 
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and fourth vertebra; it is slightly smaller than the 
pcMsterior ona The lymph hearts have an efferent ves- 
sel, which is a vein, and from them the venous system 




Fig. 56.— Deyeloping Lymph-oapillaries in tne Tail of Tadpole, 
a. Solid nucleated protoplasmic branches not yet hollowed out. (Atlas.) 



of the neighbourhood can be easily injected, whereas 
the reverse is not possible. They are lined with an 
endothelium like the lymph sacs, and in their 
wall they possess plexuses of striped, branched, 
muscular fibres. The nerve fibres terminate in these 
striped muscular fibres in the same manner as in those 
of other localities. (Banvier.) 
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120. Lyiipliatie vessels are developed and newly 
formed under normal and patLological conditiona in. 
precisely the Bame way aa blood-vessels. The accom- 
panjdng woodcut (Fig. 56) shows this very well. "We 
have alflo here to do with the hollowing out of {con- 
nective tissue) cells and their processes previously 
solid and protoplasmic. 
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121. Under this name are to be considered iba 
blood-glands of His, or the conglobate gland eub- 
stauce of Henle, or the lymph follicles (KoUiker, 
Huxley, Luschka). The ground-substance of all 
lymphatic glands, simple as well as compound (sea 
below), is the lymphatic or adenoid tissue, also called 
cytogenouB tissue. Like all other gland-tiasu^ it 
ia supplied with a rich network of capillaries 
deriviil from an afferent artery, and leading into 
efferent veins. 

122. The elements constituting this tissue are : — 
(o) 2Vm adenoid reticulTim (Fig. 57), a network 

of fine hoDK^eneous fibrils, with numerous plate-like 
enlargements. 

(li) Small, Irangparent, flat, endotlieloid cell-plates, 
each with an oval nucleus; These cell-plates are fixed 
on the reticulun), of which at first sight tliej seem 
to form part Their oval nucleus especially appears 
to belong to a nodal point — i.e., to one of the 
enlai^ments of the reticulum ; but by continued 
shaking of a section of any lymphatic tissue, the oval 
nuclei and their cell-plates can be got rid of, so that only 
the reticulum is left, without any trace of a nucleus. ^ 
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(e) jAfinipK^xirpamiiea ocanpletely fill the meshes 
of the adenoid reticalnm, 'Qiese can be ewdljr 
shaken out of tlie iBtacnloio. The; are of dif- 
fomt sizes ; ,' 

! —the 
young ones- 
are small ceUs, 
■wiUi a 00m- -.tpi 
paratively 
lai^ nnclens 



larger, have a 
distinct pro- 

or twonncleL 
They aU show 
OD a wftrnL ' 

Staee amce- '*'■ sr.— Adenoid Ketloaliui 
, ^TK the liTmph-aoTpiualea «i 

bold more- Lth^WIb aioud. 

ment, but in 

the large ones 

it is mnc^ more pronounced than in the small ones. 

The capillary blood-vessels supplying the adenoid 
tissue receive a more or less diatinct special inveatment 
from 1^ adenoid reticulum ; this b the capillary 
adventitia. 

123. The adenoid tissue occurs as : 

(1) Diffuse adenoid titmie, vithout any definite 
grouping or arrangement This is the case in the sub- 
epithelial layer of the mucous membrane of the trachea, 
in the mucous membrane of the false vocal cords and 
the ventricle of the larynx, in the posterior part of 
the epiglottis, in the soft palate and toosilB, at the 
root of the tongue, in the jdiarynx, in tiie mnooH 
of tlie small and large intestine, including tiw Till' 
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of the former ; and in t 
nasal cavity and vagina. 

(2) Gorda, cylinUera, or patches of adenoid tissue ; 
as in the omentum and pleura, and in the spleen 
(Malpighian corpuscles). 

(3) Lymph follicles, i.e., oval or aphericaJ masses 
more or less veil defined ; as in the tonsils, at tlie root 
of the tongue, in the upper part of the pharynx (phaiynx- 
tODsil), in the stomach, small and large intestine j in 
the nasal mucous membrane, in the large and small 
bronchi ; and in the spleen (Malpighian corpuscles). 

124 ThetonBU8{Pig 68) are masses of lymph foUi 
cles and diffuse adenoid tissue covered with a th n mucous 
membrane vhich penetrates in the shap of longer or 
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shorter folds into the substance within. Numbers of 
mucns^^creting glands situated outside the layer of 
lymph follicles discharge their secretion into the pits — 
the crypts — ^between the folds. The free surface of the 
tonsils and the crypts is covered or lined respectively 
with the same stratified epithelium that lines the oral 
cavity. Numbers of lymph corpuscles constantly, in 
the perfectly normal condition, migrate through the 
epithelium on to the free surface, and are mixed with 
the secretions (mucus and saliva) of the oral cavity. 
The so-called mucous or salivary corpuscles of the 
sallvm taken from the oral cayity. are such discharged 
lymph corpuscles. They become swollen up by the 
water of the saliva, and assume a spherical shape. 
They finally disintegrate. 

Similar relations, only on a smaller scale, obtain 
at the root of the tongue. 

The pharynx tonsil of Luschka, occurring in the 
tipper part of the pharynx, is in all essential respects 
the same as the palatine tonsil Owing to large parts 
of the mucous membrane of the upper portion of the 
pharynx being covered with ciliated columnar epithe- 
Hum, some of the crypts in the pharynx tonsil are also 
lined with it. 

125. The lentfcnlar gflands of the stomach are 
single lymph follicles. 

The solitary g^lands of the small and especially 
the large intestine are single lymph follicles. 

The agminated gflands of the ileum are groups 
of lymph follicles. The mucous membrane containing: 
theHmuch thickened by their presence, and repre^ 
sents a Peyer^s patch or a Feyer's gland, 

126. In most instances the capillary blood-vessels 
form in the lymph follicles meshes, arranged in a more 
or less Tadiating manner from the periphery towards 
the centre ; around the periphery there is a network 
of small veins. A larger or smaller portion of the 
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circumference of the foUiolea of the tonsilB, pharynx, 
intestine, bronchi, &o., ia surrounded by a lymph 
sinus leading into a lymphatic Teasel. The lymphatic 
vessels and lymph sinuses in the neighbourhood o£ lym- 
phatic follicles or of difliise adenoid tissue are almcet 
always found to contain numerous lymph corpuscles, 
thus indicating that these are produced by the adenoid 
tissue and absorbed by the lymphatics. 

12T. The Ttinna» gland consists of a frame- 
work and the gland substance. The Cornier is iibrous 
connective tissue arranged as an outer capsule, and 
in connection with it are septa and trsbecule passing 
into the gland and subdividing it into lobes and 
lobules, which latter are again subdivided into tJie 
foUidea (Fig. 59a). The follicles are veiy irr^ular 
in shape, most of them being oblong or cylindrical 
streaks of adenoid tL9sua Near the capsule they are 
well defined from one another, and present a poly- 
gonal outline ; farther inwards they are more or less 
fused. Each shows a central transparent TnakiUa 
and a peripheral less transparent cortex (Watney). 
At the places where two follioles are fused with one 
another the medulla of both ia continuous. The matrix 
is adenoid reticulum, the fibres of the medullary part 
being coarser and shorter, those of the cortical portion 
of the follicle finer and longer. The meshes of tha 
of the reticulum in the cortical part of the follicles are 
filled with the same lymph-corpuscles as occur in tiio 
adenoid tissue of other organs, but in the medullary 
part they are fewer, and the meahes are more or len 
completely occupied by the enlarged but transparent 
endotheloid plates. These conditions cause the greater 
transparency of the medulla. In some places ths 
endutheloid cells are granular, and include more than 
one nucleus ; some are even multinucleated giant cells. 

12& There occur in the medulla of the folUclu, 
larger or smaller, more ar less concentrically-arranged 
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nucleated protoplasmic cells which are the ecmcentrtc 
hod-tea of Massall (Fig d9B) They are met with al 




Fig Wa. Bwtloo tlirDDgli the Thrmos Gluid of a, FiBtiu 



ready in the early stages of the life of the thymus, and 
cannot tlierefore be connected with the involution of 
the gland, as maintained by AfanaBBJef, according to 
whom the concentric cor- 
posdes are formed in 
blood-vessels which there- 
by become obliterated. 
According to Watoey 
tiiey are concerned in the 
formation of blood-vessels 
and connective tissua 

The lymphatics of the 
interfollicular septa and trabecolce always contiun 
numbers of lymph corpuscles. The blood capillaries 
of the follicles are more richly distributed in the 
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cortex than in the medulla, and they radiate from the 
periphery towards the central parts. 

129. After bii-th, the thymua gland commences to 
undergo degeneration, leading to the gradual dis- 
appearance of the greater portion of the gland, its 
place being taken by connective tissue and fat Bnt 
the time when the involution is completed varies 
within very broad limits. 

It is not unusual to find in individuals of fifteen 
to twenty years of age still au appreciable amount of 
thymus gland tissue. In some animals- — s.g., guinea- 
pigs — the involution of the gland even in the adult has 
not made much progress. In the thymus of the dog 
Watney found cysts lined with ciliated epithelial ceUs, 



CHAPTER XIII. 

COMPOUSD LYStPHATIO OLAMDS. 

130. The compound or true lymphatic glands are 
directly interpolated in the course of lymphatic vessels. 
Such are the mesenteric, portal, bronchial, splenic 
sternal, cervical, cubital, popliteal, inguinal, lumhar, 
ha., glands. Afferent lympiu,tic vessels anaetomomng 
into a plexus open at one side (in the outer capsule) 
into the lymphatic gland, and at the other (the hilum) 
emerge from it as a plexus of efferent lymphatic tnbea 

131. Each true lymphatic gland is enveloped in 1 
Jihroua capsule which is connected with the intenot 

and the hilum by connective tissue troiecWie and M^a. 
The trabeculiB having advanced a certain disbuic^ 
about one-third or one-fourth, in a manner more or 
less radiating towards the centre, bi-anch into minor 
trabeculte, whicli in the middle part of the gland ai 
mose with one another ao aa to form a plexus with 
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ThuB the peripheral third or fourth of the 
I gland is aiabdivided by the septa and trabeculss, into 
relatively large spherical or oblong compartments, while 
" e middle portion is made up of relatively small cylln- 
• irr^ularly-shaped compartmente (Fig. GO). 
le former region ie the coHex, the latter the medulla of 
Bie gland- The conipartmentB of the cortex anastomOBe 
e another and with those of the medulla, and 
e latter also form one intercommunicating syHtem. 
The fibrous capsule, the septa and trabecule are 
t of the vascular trunks the trabeculra 
Donsist of fibrons connective tissue and of a oertaui 
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(plasma cells) are present in coasiderable numfjers in 
the trabeculte. 

132. The compartmeota costain masses of adenoid 
tissue, without being completely filled with it ; those 
of the cortex contain oval or spherical masses — the 
hfTnph follidee of the cortex ; those of the medulla 
ojlindrical or irregiilarly-shaped masses — tJie laedullary 
cylinders. The foimer ana^stomose with one another 
and with the latter, and the latter amongst them- 
selves, a condition easily understood from what has 
been said above of the natui'e of the compartmentB 
containing these iymphatio stniotui'es. The follicles 
and medullary 
cylinders consist 
of adenoid tiatue 
of exactly the 
same character as 
that described in 
the previous chap- 
ter. And this 
tissue also con- 
tains the last rami- 
fi cations of the 
blood-vessels, *.«., 
the last branches 
of the arteriee, a 
rich network of 
capillary blood- 
vessels, and the 
first or smaller 
branches of the 
veins. The 

capillaries and 
other veasela re- 
ceive also here 
1 adventitious envelope from the adenoid reticulom. 
J 33, The cortical follicles and the medullary 
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c^linderB do not completely fill out the compartmente 
made for them by the capsule and trabeculce re&pec- 
tivdy, but a small peripheral zone of each compatt- 
ment is left fre« ; this is a lyinp/iatic siniit. In the 
cortex it is spoken of as a cortical (£'ig> 61), in the 
medulla as a iiieduliary, lyriipk sinua (Fig, G2). The 




former is a space between the outer eurface of the 
cortical lymph follicle and the corresponding part of 
the capsule or cortical septnm, the latter between the 
nirEace of a medullary cylinder and the trabeculte. 
From what has been said of the relation of the 
IMrtmente, it follows that the cortical and medullai^ 
lymph sinufies form one intercommunicating syatemj 
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These are not empty free spaaes, but are filled with a 
coarse reticulum of fibree, much coarser than the ade- 
noid reticulum ; to it are attached large transparent 
celt plates — endothelotd plates. In some instances (as 
in the calf) these cell-plates of the medullary sinuses 
contain brownish pigment granules, which give to the 
medulla of the gland a dark brown aspect In the 
meshes of the reticulum of the sinuses ai'e contained 
lymph corpttsole^ the majority of which consist of i. 
relatively large prolo^ftsmin body, and one or two 
nuclei ; they show lively amffiboid *»Ovement; a few 
small iymph corpuscles are also amongst them. 

The surface of the trabeculie facing the lymph 
sinuses is covered with a continuous layer of endothe- 
lium (von Becklinghausen), and a similar endothdiBl 
membrane, but not so complete, can be made out Oit 
the surface of the cortical foUicles and the medullary 
cylinders. The endotheloid plates, as applied to the 
reticulum of the sinuses, are stretched out, as it were, 
between the endothelial membrane covering the sur- 
face of the trabecule on the one hand and that 
covering the surface of the follicles and cylinders on 
tlie other. 

In the mesenteric gland of the pig the distribution 
of coi-tical follicles and medullary cylinders is almost 
the reverse from that of other glands or in other 

134. The afferent lymphatic vessels having entered 
the outer capsule of the gland, and having formed 
there a dense plexus, open directly into the cortical 
lymph sinuses. The mednllary iymph sinuses lead 
into lymphatic vessels, which leave the gland per 
hilum as the elferent vessels. 

Both aflerent and efierent vessels are supplied 
with valves. 

135. The course of the lymph through a lymphatie 
gland is then simply this — from the atferent vessel^ 
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situated in the capsule^ into the eortiaJ lyiaph ainuw a i» 
from these into the medoDaij mumpii^ and from these 
into the efferent lymphaticB. Owing to the pieseoee 
of the reticolnm in the ninnHea the c ui i tait of the 
lymph will proceed only voj sloiHty and with diffi- 
culty, as if it were paaed thiau^ a spon^ filter. 
Hence a lai^ numher <^ formed corpusdeSy pigment^ 
inflamynatory or other dementSy pawnng into Uie g^and 
bj the afferent yessels are easQj arrested and de- 
posited in the sinuses, and there readily swallowed bj 
the amoeboid corpuscles lying in the meshes. 

Passing a stream of water through the g^and, the 
contents of the meshes <^ the reticulum <^ tiie kjuusrs — 
f.e., the lymph corpuscles — are of course the first things 
washed out (tou Reeklin^iauseii), and on continuing 
the stream some of the lym{^ corpuscles of the 
follicles and cylinders are also washed outu Hence it 
is probable also that by the normal stream of lymph 
passing through the ^and, lymph corpuscles are 
drained, as it were, from the f olHcles and cylinders 
into the sinuse& The amoeboid movement of the lymph 
corpuscles, especially of the large and ripe ones, will 
greatly &cilitate their passage from the follicles and 
cylinders into the lymph sinuses. 



CHAPTER XIV. 

KERVB-FIBBE& 

136. The nerve-fibres conduct impulses to or firom 
the tissues and organs on the one hand, and the nerve- 
centres on the other, and accordingly we have to con- 
sider in each nerve-fibre the peripheral and central 
termination and the conducting part. The latter, %.t,^ 
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the nerve-fibres proper, in the cerehro-spinal nerves are 
grouped into bundles, and these again into anatomical 
nerre-branchea and nerve-tmnkg. Each anatomical 
oerebro-apinal nerve conaiats, therefore, of bundtes of 
nerve-fihrea (Fig. 63). The general matrix by which 
these bundles are held together is fibrous connective 
tissue called the Epineurium (Key and Betziua) ; this 
epineurium is the carrier of the larger and smaller 
blood-vesaela with which the nerve-trunk is supplied, 
of a plexus of lymphatics, of groups of fat-cella, and 
aometimes of numerous plasma cells. 

1 37. The nerve-bundles (Fig. 6i) are of various sizes, 
according to the number and size of the nerve-libres they 
contain. Thev nxc. wHl-dcfinfid by a sheath of t" 
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own, called •perinevrium (Ke\ and Retziua) This peri- 
neurium consists of bundles of fibrous connecti\ e tisaDB 
arranged in lamellse, ei erj two lamelUe being separated 
from one another by amaller or larger lymph spaoe^ 
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which form an intercomnmnicating system, and 
anastomose with the Ijrmphatics of the epineurium 
whence they can he injected. Between the lamellae, 
and in the spaces, are situated flattened endotheloid 
connective ti»rae corpuscles. 

The nerve-hundles are either single or compound. 
In the former the nerve-fibres contained in a bundle 
are not sub-divided into groups, in the latter the 
bundles are sub-divided by thicker and thinner septa 
of fibrous connective tissue connected with the peri- 
neurium. When a nerve-bundle divides — as when a 
trunk repeatedly branches, or when it enters on its peri- 
pheral dLsri^ribution — each branch of the bundle receives 
a continuation of the lamellar perineurium. The more 
branches the perineurium has to supply, the more re- 
duced it becomes in thickness. In some of these minute 
branches the perineurium is reduced to a single layer 
of endothelial cells. When one of these small bundles 
breaks up into the single nerve-fibres, or into small 
groups of them, each of these has also a continuation 
of the fibrous tissue of the perineurium. In some 
places this perineural continuation is only a very 
delicate endothelial membrane, at others it is of 
considerable thickness, and still shows the laminated 
nature. Such thick sheaths of single nerve-fibres, 
or of small groups of them, represent what is called 
Henle^s sheath, 

138. The nerve-fibres are held together within the 
bundle by connective tissue, called the Endonev/rvum 
(Fig. 64). This is a homogeneous ground substance in 
which are embedded fine bundles of fibrous connective 
tissue, and connective tissue corpuscles, and capillary 
blood-vessels arranged so as to form a network with 
elongated meshes. Between the perineurium and the 
nerve-fibres are found here and there lymph spaces; 
similar spaces separate the individual nerve-fibres, and 
have been injected by Key and Retzius. 
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When nerve-trunks anastomose go as to form a 
plexus — fl.p., in the brachial, or sacral plexus — there 
occura aa exchange and re- arrangement of nerve- 
buucllea in tlie branches. A similar condition ohtains 
in the ganglia of the cerebro-spinal nerses. Nerve- 







trunks and nerve-branches passing through a lymph 
cavity, such as the subdural spaces, or the sub- 
cutaneous lymph sacE, or tlie cisterna lymphatioa 
magna in the frog, receive from the serous membrane 
an outer endothelial covering. 

139. The nerve-fibres in the nerve-bundlea of the 
cerebro-apinal nerves, with the exception of the 
olfactory nerve, are vtedullated ■nemr-fibres. These an 
doubly or darkly contoured smooth cylindrical libree, 
varying in diameter between ^-^^ and yjJinr '^ ■" 
inch. Within the same bundle of a nerve — e.g., ot 
the brachial or sacral plexus — there occur fibres whidL 
are several times thicker than others, and it is pro- 
bable that they are derived from different souroea. 
Schwalbe has shown that the tiiickuess of the nerve- 
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fibre stands in a certain relation to the distance of its 
periphery from the nerve-centre and to functional 
activity. 

A medullated nerve-fibre in the fresh condition 
is a bright glistening cylinder, showing a dark 
double contour. Either spontaneously after death, 
or after re-a^ents — as water, salt solution, dilute 
acids — or after pressure and mechanical injury, the 
outline of the nerve-fibre becomes irregular ; smaller, 
or larger, glistening dark-bordered droplets and masses 
appear and gradually become detached. These 
droplets and masses are derived from the fatty sub- 
stance constituting the medullary sheath or white 
substance of Schwann (see below). When a nerve- 
fibre within the bundle undergoes degenerution during 
life, either after section of the nerve or after other 
pathological changes, or in the natural course of its 
existence (S. Mayer), the medullary sheath breaks up 
into similar smaller or larger globules or particles, 
-which gradually become absorbed. 

140. Each medullated nerve-fibre (Figs. 64a, 66) 
consists of the following parts : (a) the central aads 
cylvnjd&r. This is the essential part of the fibre, and is 
a cylindrical or bandlike, pale, transparent structure, 
which in certain localities (near the terminal distribu- 
tion, in the olfactory nerves, in the central nervous 
system), and especially after certain re-agents, shows 
itself composed of very fine homogeneous or more or 
less beaded fibrillse — the elementary or primitive JibriUcB 
(Max Schultze) — held together by a small amount of a 
Taintly granular interstitial substance. The longitu- 
dinal striation of the axis cylinder is due to its being 
composed of primitive fibnlke. The thickness of the 
axis cylinder is in direct proportion to the thickness 
of the whole nerve-fibra The axis cylinder is said 
to be enveloped in its own hyaline more or less elastic 
gheathy composed of neurokeratin. 



Elem 



■■ HiF-n 



[Chap. XIV. 



14]. (i) The Tnedidlari/ gkeai/i or white substftnce 
o£ Schwann, also called the medulla of the nerve-fibre. 
This is a glistening bright fatty substance surrounding 
the a:cia cylinder, as an. insulating hollow cylinder 
BQirounda an electric wira The medullary sheath 
gives to the nerre-flbre its double or dark aontour. 
Between the axis cylinder and the medullary sheath 
there is a smail amount of albnmitioua fluid 
which appears greatly increased 
/Jj I I [ when tiie former, owing to shruik- 

jij iiJ ing, Btajida farther apart from the 

142. (c) The sheath of Schvxmn, 
or the newrilmnma, surrounds closely 
the medullary aheath, and forma 
the outer boundary of the nerve- 
fibre. It is a hyaline delicate 
membrane. From place to place 
there is present between the neuri- 
lemma and the medullary sheath, and 
situated in a depression of the latter, 
an oblong nucleus, surrounded by a 
thin zone of protoplasm. These 
nucleated corpuscles are the nerve 
rig. ma.-two Nerve coTpuscles (Fig. 64a), and are analo- 
inBiPi''Sr''™fLrit gousto the muscle corpuscles, situated 
tb"? Siiii cyiiniiiT, between the sarcolemma and the 
■helm ii™/te'en dts' Striated muscular substance. They 
dMij^r-B"a"ea oii^ are not nearly so numerous as the 

aa-ar^eai^iiSier, BlUScle COrpUScleS. 

lenuu. utiM.j 143. Ilie neurilemma produces 

at certain definite intervals annular 
constrictions, the nodee or congtrictiong ofJianvier (Figs. 
64a, 65, 66), and at these nodesof RauTier the medullary 
sheath, but not the axis cylinder and its special sheath, 
atiSere a discontinidty and sharply terminates. The 
poridon ot tie nerve-fibre situated \jet'Heei\l'RQ viodes is 
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the interrwdal aeffmertt. Each intemodal 
generally one, occasion! " 
corpuscle. The mednl- 
laiy cylinder of each in- 
temodal aegmeot ia made 
up of a number of coni- 
cal sections (Fig. 66a) 
imbricated at their ends 
(Schmidt, Lantermann) 
(Fig. 66), and each such 





Bection is ngain made up of 
a Large number of rod-like 
structures (Fig. 67) placed 
vertically on the axis cylinirg 

These rods are, 
ever, connected into a nat^ 
work. The network itself 
is very likely the neuro- 
keratin of Ewald and Kiihne, 
whereas the interstitial sub^ 
stance of the network 
probably the fatty 
stance leaving the 
fibre in the sha-ge ol itoiji 
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when pressure or reagents are applied to the fresh 
nerve-fibre. 

H4. Medullnted nerve-libres witlumt any nsuri- 
femma, and consequently without any nodes of Ranvier, 
with a thick more or le-ss distinctly laminated medul- 
laty sheath, iona the 
whjte substance of the 
brain and spinal cord. 
In these oi^ans, in the 
hardened and fresh state, 
numerous nerve - fibres 
may be noticed, which 
show more or less regu- 
lar varicosities, owing to 
local accumulations of 
fluid between the axis 
cylinder and medullary 
sheath. These are called 
varicose nerve-Jibret. 
They ocGui" also in ^e 
branches of the sympa- 
thetic nerve. 

The neri'e-Gbres of 
A B c the optic and acoustic 

Tig. e?.— HedniiMed Herve-Ubres. tierve are medullated, 
^^Jft^T'K "" ' •«'*«" Tinr [he but without auv neori' 
SJS' 'io?" tK'^lu """helif 1^™"!* i vancoae fibres 
^^ 'b™ 'Bji^Ur-wrmmim^ute are common in them. 
oii(«!S^iiB''.ii«^aiui.)'™" "' 145. Med ul 1 at ed 

nerve-fibres occasionally 
in their course divide into two medullated fibi-es. Such 
division is very common in medullated nerve-fibres 
supplying sti'iped muscular fibres, espedally at or near 
thepointof entrance into the muscular fibres (see below). 
But also in other localities division of nerve-fibres 
may bo met with. The electric nerve of the electrjc 
fishes (malapterurus, gymnotus, siEurus, etc, elec- 
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tricus) shows such divisions to an extraordinary degree, 
one huge nerve-fibre dividing at once into a bundle of 
minor fibres. Division of a medullated fibre takes 
place generally at a node of Ranvier. The branches 
taken together are generally thicker than the un- 
divided part of the fibre, but in structure they are iden- 
tical with the latter. 

146. When medullated nerve-fibres approach their 
peripheral termination, they change sooner or later, in 
so far as their medullary sheath suddenly ceases ; and 
now we have a non-TnedtUlated, or Remak's nerve- 
fibre. Each of these consists of an axis cylinder, a 
neurilemma, and between the two a nucleated nerve 
corpuscle from place to place. Non-medullated nerve- 
fibres always show the fibrillar nature of their 
axis cylinder. The olfactory nerve-braaches are 
entirely made up of non-meduUated nerve-fibres. In 
the branches of the sympathetic most fibres are non- 
medullated. 

The non-medullated fibres undergo always repeated 
divisions. They form plexuses, large fibres branching 
into smaller ones, and these again joining (Fig. 68). 
Generally at the nodal points of tJiese plexuses there are 
triangular nuclei, indicating the corpuscles of the 
neurilemma. 

147. Finally the non-medullated nerve-fibres lose 
their neurilemma, and then we have simple axis 
cylinders. These branch and ultimately break up 
into the constituent primitive nerve-fibriUoB, which 
occasionally show regular varicosities (Fig. 69). 
Of course, of a neurilemma or the nuclei of the 
nerve corpuscles there is nothing left. These 
primitive fibrillse branch and anastomose with one 
another, and thus form a network. The density 
of this network depends on the number of primitive 
fibrils and the richness of their branching. These 
primitive fibrils and their networks represent the 
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jieripheral termination, aad this mode of termination 
occiu-a in the nerve-fibres of comnion sensation, as in 
many of tie nexve-fihres of the skin, cornea, and 




mucous merabranea. In all these cases the peripheral 
ternoination, i.e., the primitive fibrils and their net- 
works are found intra-epithelial (Fig. 70), i.e. situated 
in the stratum Malpbigii of the epidermis, in the epitlie- 
lial parts of thehairfollicle.in the anterior epithelium 
of the cornea, and in the epithelium of the ii<ucM|^ 



Nexve-fibres. 



membranea. The primitiTe oerve-fibrils lie in the 
interstitial subatanoe between the epithelial cells, aa 




iutro-epithelial networks and as primitive £brils which 
appear to torminate with free ends. 

148. Tracing then a nerve-fibre, say one of common 
sensation, firom the periphery towards the centre, we 
have isolated primi^ve _fibriU or networks of them ', 
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the; form \sj uBocUtion girnple aaw cylinders, whicl 
vaiy in thickiteie according to the number of thek 
constatuent primitive fibrila These simple axis cylin 




ders form plexuses. By ossociatioa they make larg^ 
axis cylinders, and these becoming invested vith * 
neurilemma, and with the nuclei of nerve corpuscles, 
form fMn-meduUated nerve-Jibres. These also form 
plexuses. A medullary eheath makes its appearance 
between the neurilemma and the axis cyliiider, and 
thus forma a meduUaUd nerm-fhrs. 
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CHAPTER Xy. 

PERIPHERAL NERVE-ENDINGS. 

149. Ik the preceding chapter the termination of 
the nerves of common sensation, as isolated primitive 
fibrillsB, and as networks of these, has been described 
in the epithelium of the skin and mucous mem- 
branes, and in the anterior epithelium of the cornea. 
Besides these there are other special terminal organs 
of sensory nerves, probably concerned in the per- 
ception of some special quality or quantity of sensory 
impulses. They are all connected with a meduUated 
nerve-fibre, and are situated, not in the epithelium 
of the surface, but in the tissue, at greater or 
lesser depth. Such are the Pacinian corpuscles, the 
Herbst corpuscles, the end-bulbs of Krause in the 
tongue and conjunctiva, the genital end-corpuscles or 
end-bulbs in the external genital organs, the corpuscles 
of Meissner, or tactile corpuscles, in the papillse of 
the skin of the volar side of the fingers, the touch-cells 
of Merkel in the beak and tongue of duck, &c, 

150. The Pacinian corpuscles. — These are 
also called Yater's corpuscles. They occur in large 
numbers on the subcutaneous nerve-fibres of the palm 
of the hand and foot of man^ in the mesentery of the 
cat, along the tibia of the rabbit, on the genital organs 
of man (corpora cavernosa, prostate). Each corpuscle 
is oval, more or less pointed, and in some places 
easily perceptible to the unaided eye (palm of 
the human hand, mesentery of the cat), the largest 
being about -^th of an inch long and -^th of an inch 
broad; in other places they are of microscopic size 
only. Each possesses a stalky to which it is attached. 
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and which is n single efferent meduUated nerve-Jjhrt 
(Fig. 71), differing from an ordinary medullsted nerve- 
fibre merely in the fact that outside the neurilemma of 
■' "' there is 




a thick 
mective tissue sheath, 
■which is the sheath of 
Henle—continuoua with 
the perineural eheath of 
the nerve branch with 
which the nerve-fibre is in 
connection. This mednl- 
lated nerve-fihre within its 
sheath possesaeH generally 
a very wavy outJine. The 
corpuscle itself is com- 
posed of a large number of 
iamellte, or capsoles, more 
or less concentrically ar- 
ranged around a eentroi 
elongated or eyHndirieol 
dear space. This space 
contains in its axis from 
the proximal end, i.e., the 
'■ ■^"™n"cSm^u"r"-""' one nearest to the stalk.lo 
near the opposite or distal 
end, a continuation o£ the nerve-fibre in the shape of a 
Hmple axis cylinder. But this axis cylinder does not 
fill out the central space, since there is, all round tie 
faintly and longitudinally striated axis cylinder, a good 
deal of space left filled with a transparent substance in 
which, in some instances, rows of sphericid nuclei maj 
be perceived along the margin of the axis cylinder 
At or near the distal end of the central space (Af 
oicM cylinder ditndeg in tmo or more branches, axi 
these terminate in pear-ahaped, oblong, spherical^ a 
i'rreguJarlj-shaped granular-\ooVm% mWgemftiK*. 
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151. The concentric capsules forming the corpuscle 
itself are disposed in a different manner at the periphery 
and near the -central space from that in which they 
are disposed in the middle parts, viz., in the former 
localities they are much closer together, being thinner 
than in the latter. On looking, therefore, at a 
Pacinian corpuscle in its longitudinal axis, or in cross 
section, we always notice the striation (indicating the 
capsules) to be closer in the former than in the latter 
places. Each cai>sule consists of— (a) a hyaline, pro- 
bably elastic, ground substance, in which are embedded 
here and there (6) Jlne bundles of connective tissue 
fibres; (c) on the inner surface of each capsule, i.e., 
the one directed to the central axis of the Pacinian 
corpuscle, is a single layer of nucleated endothelial 
plates. The oblong nuclei Tisible on the capsules at 
ordinary inspection are the nuclei of these endothelial 
plates. There is no fluid between the capsules, but 
these are in contact with one another (Huxley). 
Neighbouring capsules are occasionally connected with 
one another by thin fibres. 

152. In order to reach the central space of the 
corpuscle, the medullated nerve-fibre has to perforate 
the capsule at one pole; thus a canal is formed 
in which is situated the medullated nerve-fibre, 
and as such, and in a very wavy condition, it reaches 
the proximal end of the central space. This 
part of the nerve-fibre may be called the interme- 
diary part The lamellae of the sheath of Henle 
pass directly into the peripheral capsules of the 
corpuscle. 

Immediately before entering the central space, the 
nerve-fibre divests itself of all parts except the axis 
cylinder, which, as stated above, passes into the central 
space of the Pacinian corpuscle. In some cases a 
minute artery enters the corpuscle at the pole, cy^i^Q^\!^ 
to the one for the nerve-fibre ; it petia\.ic«u\«& ^^ 
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peripheral' capsuJca, and BupplicB them -vritb a few 
capillary veasela. 

1>)3 The corpaBclea of Herbm are similar to 

the FaLinian corpuscles, with this difierence that they 
are smaller and more elongated that the axis cylinder 
of the central space is bordered by 
a contmuouB row of nuclei, and 
that the capsules are tbmuer and 
more closely placed (Fig. 72). 
TLia applies especially to those 
near the central space and here 
between these central capsules we 
misB the nuclei indicating the en- 
dr theltal plates. Such is the nature 
ifHerbstscorpuaclesinthemucona 
membrane of the tongue of the 
duck and to a certain degree also 
m those of the rabbit and in 
tendons. 

154. The tactile corpn§- 
cles, or corpuscles or Itlels^ 
ner, occur in the papillie of the 
corium of the voiar side of the 
fingers and toes in man and ape \ 
they are oblong, straight, or 
slightly folded. In man they are 
about j}b to -^\^ of an inch long, 
^f"' W5 **■ Wo "^ ^•^ \iisA^ 
broad. They are connected 
i fibre— generally one, occa- 
sionally, but rarely, two— with a sheath of Henle. 
The nerve-fibre enters the corpuscle, but usually 
before doing so it winds round the corpuscle as a 
medullated fibre once or twice or oftener, and ibs 
Henle's sheath becomes fused with the tibrous capGule 
or sheath of the ta,ctile corjiuscle. The nerve-fibre 
ultimately loses its medullary sheath and penetrates 




with a medullated r 
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into tbe interior of the corpuscle, where the i 

cyliader branches ; its braaohes re- 
tain a. coiled course a,U a.long the 

tactile GorpUBcle (fig. 73), anaatomose 

with one another, and tevminate i 
eolargeraents, peai^shaped c 

cyliDdrical. These enJargementa, ac- 

sordiiig to Uerkel, are touch cells. 

The matrix, or main part of tbe 

tactile corpuscle coDsiats, besides tliu 

fibrous sheath with nuclei and Dumcr- 

011S elastic iibres, of line bundles of 

connective tissue, and of a number 

of nucleated small cells. i - ^-j— 

155. The end-l»alA« of i^rXTm^iKr 

Kronsft— These occur in the con- the Htunu. H«.d. 

junctiva of ciilf and man and are ^u™na"*o( ih™SePi'S^ 

oblong OP cylindrical minute corpus- wTpjcmlmn".)^'" 

dies situated in the deeper lasers of 

the conjunctiva, 
6 near the corneal 

margin. A med di- 
lated nerve • fibre, 
with Henle'a sheath, 
enters the coipuscle 
(Fig. 74). Thi» 
possesses a nu- 
cleated capsule, and 
is a more or lesa 
laminated (in 
more grannlarsj 
looking) stmctupo 

ing scattered 
tween the laminn^l 
Of the 
as a mle, only thrf " 
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aids oylinder is prolonged into the interior of the 
corpuscle. Occasionallj- the meduUated nerve-fibre 
passes, as Buch, into tile corpUHcle, being at the 
same time more or less convoluted. Having passed 
to near the distal extremity, it branches, and termi- 
natea with small enlargements (Krause, Longworth, 
Merkel, Key and Retziua). 

The end-bulbs in tlie genital, organe, or the genital 
corpuscles of Kravse, are similar in structure to the 
simple end-biilbs. They occur in the tissue of the 
cutis and mucous membrane of the penis, clitoris, and 
vagina. 

\5G. The corpascles of Crendry or touch- 
corpuscles of Merkel, in the tissue of the papiilse in the 
beak aod tongue of birds, are oval or spherical cor- 
puscles of minute size, possessed of a very delicate 




L 



nucleated membrane as a capsule, and consisting of a 
series (two, three, four, or more) of large, sljghtlf- 
flatteued, granular-looking, transparent cells, each witll 
a spherical nucleus, and arranged in a vertical row (Fig. 
76). Amedullated nerve-fibre enters the corpuscle frOTi 
one side, and losing its medullary sheath, the axis cj- 
Jinder branches, and its branohlets terminate, according 
to Bome ("Merkel, Henle), in. t\ie ce\\a o? ■tte coti^iusda 



Chap. XV.] Peripheral Nerve-endings. 121 

(touch-cells of Merkel) ; according to others (Key and 
Ketzius, Kanvier, Hesse, Izquierdo), in the trans- 
parent substance between the touch-cells, thus form- 
ing the ' disc tactil ' of Banvier or the Tastplatte of 
Hesse. Neither theory seems to me to answer to the 
facts of the case, since I find that the branchlets of 
the axis cylinder terminate, not in the touch-cells, nor 
as the disc tactil, but wii^ minute swellings in the 
interstitial substance between the touch-cells, in a 
manner very similar to what is the case in the con- 
junctival end bulb& According to Merkel, single or 
small groups of touch-cells occur in the tissue of the 
papillae, and also in the epithelium, in the skin of 
man and mammals. 

157. In articnlatioiis — e.^., the knee-joint of the 
rabbit — ^Nicoladoni described numerous nerve branches, 
from which fine nerve-fibres are given off. Some of 
these terminate in a network, others on blood-vessels, 
and a third group enter Pacinian corpuscles. Krause 
described in the synovial membranes of the joints of 
the human fingers medullated nerve-fibres which end 
in peculiar tactile corpuscles, called by him " articula- 
tion-nerve corpuscles.'* 

158. The nerve branches supplying: non- 
striped mnscniar tissue are derived from the 
sympathetic system. They are composed of non- 
medullated fibres, and the branches are invested in 
an endothelial sheath, — perineurium. The branches 
divide into single or small groups of axis cylinders, 
which reunite into a plexus — ^the ground plexus of 
Arnold, Small fibres coming off from the plexus 
supply the individual bundles of non-striped muscle 
cells, and they form a plexus called the intermediary 
pleams (Fig. 76). The fibres joining this plexus are 
smaller or larger bundles of primitive fibrillse; in 
the nodes — i.e., the points, of meeting of these fib^^^ 
are found angular nuclei From t^e m^^xisi^t^^T^ 



Elements of Histology. 



plexus pass off isolated or small groups of primitive 
fibriilte, which pursue their course in tlie interstitial 
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In many localities there are isolated ganglion 
in connection with the intermuscular fibres. 

159. The nerves of blood-vessels are derivod' 
from the sjmpathetic, and they terminate in ai-teriBS 
aad veins in essentially the same way as in non- 
atriped muscular tissue, being chiefly present in those 
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parts (media) which contain the non-striped muacalar 
tissue. But there are also fine non-meduUated nerve 
fibres, which accompany oapUiary vessels— capillary 
arteries and capillary veins — and in some places they 
give off elementary fibrils, which form a network around J 
the veaael (Fig. 77). In some localities the vaacula' 
nerve branches are provided with small groups ( 
ganglion cells. 

160. In striped mascle of man and mammals, 
reptiles, and insects, the termination of nerve fibres 
tf^es place, according to the commonly aoce^tftA "s^ 
of Kiihn^ in the folJowing manner '. — A. nvft&oSu 
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nerve-ijbre, generally derived from one that has 
divided, enters at almoet a right angle a etriped 
tuuBcular fibre, the neurilemma liecoming fuse<J with 




Fig. 7S.— From a Prepantion of Striped HoBenlu Fibres A Uu A 
tjbowiiiE tlie lenolmitiaii nt tbe Medullated Herre-Sbres. " 
a preparation of Mt. A. LlDgsfd-) 

the sarcolemma, and the nerve-fibre, either at the 
point of entrance or soon after loses its medullarj 
sheath, ho that only the axis cylinder jiasses on. 
This latter divides Bimnltaneously into a number (J 
smaller fibres, which soon break up into a network d 
Gae fibrils, this ultimate network being embedded in* 
mor& or leas gran\i\aT-"\ooteiv£ ■^\a.'«5, ^i:av\i.ftd. ' " ' 
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a number of oblong nnclei (Fig. 78). The whole Btruc- 
tiire rppresents the itervn endpiate. When the maaciilar 
fibra oontmcta, thia endplate naturaily assumes the 
shape of a promiiience — DoySre'a nerve-mount. Each 
muscular fibre ha« at least oue nerve endplate, but 
occasionally has several in ne.ar proximity. An 
endplate is generally supplied by one, sometimes, 
however, by two, nerve-iibres. The contraction 
wave generally starts from the endplate. In 
Batrachia the nerve-fibre does not, as a rule, termi- 
nate in the shape of a g;ranular endplate, but 
having penetrated the sarcolemma ramifies into 
several axis cylinders, each of which again branches ; 
all branches huve a more or leas longitudinal 
direction! .■!.■■ . . I ■ . . ,■ ■ .iliv i.u- in 



% 





course, with oblong nuclei. Arndt has 
that both kinds of terminations occur iii. 
Batrachia. These two aorta of nerve e'afc\^* "V^ 
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iindercea-th the sarcolemsna and on the surface of the 
muscular aubatance proper. But besides this intra- 
muscular term ination, there is a plexus of nerye-fibres, 
whict is situated outeide the Eaieolemma,— i.e., inter- 
muscular ; this 
has been seen by 
BeaJe, Kelliker, 
Krauae, and 
others. Amdt 

considers these ia- 
" termu'wular fibrea 
as sensory nerves. 
161. Tendons 
are supplied with 
special nerve endr 
ings, studied by 
Sachs, Eollett, 
Gempt, Cauber, 
,, mo msiijLiaica^ai^e Bb™^^., tbs rscicuiiirf ^nj particuUrlj 
Golgi, whose work 
3n Uiis subject is very minute. These terminations are 
BBpeciolly numerous near the muscular insertion. They 




highly 




are of the following kinds :■ — {a) A medullated nerve 
fibre branches repeatedly, and the axis cylinder breaki 
up into a small plate composed of a network of fiw 
primitive nery&-6bril8 (Fig. 79). (i) This network i 
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occasionally embedded in a granular-looking material, 
and thereby a similar organ as the nerre endplate of 
muscular fibres is produced (Fig. 80). (c) A medul- 
lated nerve-fibre terminates in an end-bulb (Fig. 81), 
similar to those of the conjunctiva, or of a Herbst^s 
corpusda 



CHAPTER XVI. 

THE SPINAL CORD. 

162. Thb spinal cord is enveloped in three distinct 
membranes. The outermost one is the dura mater. 
This is composed of more or less distinct lamellae of 
fibrous connective tissue with the flattened connective 
tissue cells and networks of elastic fibres. The outer 
and inner surface of the dura mater is covered with 
a layer of endothelial plates. 

163. Next to the dura mater is the arachnoid 
membrane. This also consists of bundles of fibrous 
connective tissue. The outer surface is smooth and 
covered with an endothelial membrane facing the 
space existing between it and the inner surface of the 
dura mater ; this space is the sub-dural lymph space. 
The inner surface of the arachnoidea is a fenestrated 
membrane of trabeculse of fibrous connective tissue, 
covered on its free surface — i.e., the one facing the 
sub-arachnoidal lymph space — with an endothelium. 

164. The innermost membrane is the pia mater. 
Its niatrix is fibrous connective tissue, and it is lined 
on both surfaces with an endothelial membrane. 
Between the arachnoid and pia mater extends, from 
the fenestrated portion of the former, a spongy plexus 
of trabecule of fibrous tissue, the surfaces of the 
trabeculffi being covered with endothelium. By this 
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fipoagy tissue — the atib-arachnoidal titsue (Key and f 
Ketzius) — the sub-arachnoid a! space is subdivided into 
a labyrinth of lacunse. On. each side of the cord, 
between the anterior and posterior nerve roots, 
extends a spongy fibrous tissue, called ligameTttim* 
denticulatum, between the arachnoidea and pia. 
By it the sub-arachnoidal spacs is subdivided into 
an anterior and posterior division. 

165. The snb-dural and sub-arachnoidal spEtces do 
not communicate vith one another. (Luschica, Key 
and Betzius.) 

The dura mater, as "well as the arachnoidea, sends 
prolongations on to the nerve roots ; and the sub- 
dural and Gub-arachnoidal spaces are continued into 
lymphatics of the peripheral nerves. 

All three membranes contain their ovm system of 
blood-vessels and nerve-fihrea. 

166. The cord itself (I^'ig. 82) consists of an outer 
or cortical part composed of medullated nerve-fibrea ; 
this is the white matter, and an inner core of grey 
matter. On a transverse section through the cord 
the contrast of colour between the white mantle and 
the grey core is very conspicuous. The relation 
between the white and grey matter differs in diffe- 
rent parts ; it gradually increases in favour of the 
former as we ascend from the lumbal- to the upper 
cervical portion. The grey matter presents in every 
transverse section through the cord more or lees the 
shape of a capital H ; the projections being tha 
anterior and posterior /toms or comua of grey 
matter, and tlie transverse stroke being the (jrey 
commMswre. In the centre of this grey commiaanre 
is a cylindrical canal lined with a layer of columnar 
epithelial cells; this is the central canal; the part 
of the grey commisanre in front of this canul ia 
the anterior, the rest the poiterior, grey commiMvirt. 
The shape of the whole figure of the grey matter 
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differs m the different regions, and tin* di/Trrriun 
is chiefly bronght about by the length und t) icknm 
of the grey commisaure In a section through the 
cervical r^on the grey oommiaaure ib thick ai d 
short; m the dorsal rt^pon ib becomes tliinnor and 




longer ; and in the lumbal- region it is comparatively 
very thin and long. Besides this, of course the relative 
proportions of grey and whibe matter, aa mentioned 
before, indicate the region from which the particular 
part of the ccwd has been obtained. In the lower 
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cervical stnd lurohar region w)iere the nerves of the 
brachial and Bacral plexus respcctivelj join the cord, 
this latter possesseG a swelling, and the g;rey matter 
ia there increased in amount, the swelling being in 
fact due to an accumulation of gre^ matter, in which 
an additional number of nerve-fibres originates; but 
the general shape of the grey matter is there retained, 

167. The corniift of the grey matter are generally 
thicker nearthe grey commissure; they become thinned 
out into anterior and posterior edges respectively, 
wliich are SO placed that they point towards the 
autero-lateral and postero-lateral Basures. The an- 
terior horns are generally thicker and shorter than 
tho posterior ones, and, therefore, the latter reach 
DOarer to the suface thaa the former. 

168. The white matter ia composed chiefly of 
medullated nerve fibres running a longitudinal couraa 
They are arranged into columns, o«fl a'tderior, one 
lateralt and lyne posterior column for each lateral 
half of Chs cord ; the two halves being indicated by 
tho anterior and poHerior median longitudvaal 

fiami/re. The anterior ni«dian fissure ie a real fissure 
extending in a vertical direction from the surface of 
tho cord to near the anterior grey coTOmissure. It 
contains a prolongation of the pia mater and in it 
large vascular trunks. The posterior fissure is not 
in reality a space, but is filled up by neuroglia. It 
extends as a continuous mass of iieiu'oglia in a vertical 
direction from the posterior surface of the cord to the 
posterior grey eommissiire. The exit of the anterior 
or motor nerve roots, and the entrance of the posterior 
or sensitive nerve roots are indicated by the anterior 
lateral and posterior lateral fissures respectively. 
These are not real fissures in the same sense aa the 
anterior median fissure, but correspond more to ths 
posterior median fissiiue, heing in reality filled up witll 
neiircglia tissue, into which extends a contianaitjflp. : 
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from the pia mater with large vascular trunka The 
white matter between the anterior median and ante- 
rior lateral fissure is the anterior column, that between 
the anterior lateral and posterior lateral fissure is the 
lateral cdumn, and that between the posterior lateral 
and posterior median fissure is the posterior column. 
169. Besides the septa situated in the two lateral 




Fig. 83.— Diagnun of a OTmuBTene Section through the Cord hi th* 

regicm of the Cervical Bweling. 

0. Aaterior longitadinal flsmre ; ». posterior longitudinal llBsurc : tbe p&rt of tbe 
irblte matter next to it is the f asciculns of Goll ; e, central canal ; 4, direct 

aramldal fasciculns ; 0, roots of anterior or motor nerves ; /, lateral bundle 
posterior nerve roots ; 9. median bundle of same : A, the cuneate fasci- 
culus : <. tbe crossed pyramidal fasciculus or the fasciculus of Tilrk ; iL the 
anterior radicular sone of tbe lateral column of white matter ; L the direct 
cerebellar fasciculus ; *n, the aaterior horn of grey matter ; <^ the posterior 
bom of samcb 

fissures respectively, there are other smaller septa, 
neuroglia tissue and prolongations of the pia mater 
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which pass in a vertical and radiating direction into 
the white matter of the columns, and they are thus 
subdiviiied into a number of amaller portions ; one 
such big septum is sometimes found corresponding to 
the middle of the eircHmference of one half of the 
cord. This is the median lateral fissure, and the 
lateral column is subdivided hy it into uu anterior 
and posterior diviaion. 

Similarly, the anterior and posterior columns 
may be subdivided into a median and lateral division 
(Kg. 83), 

1 70. Some of these various aubdiviaions bear 
definite naiaos (Tiii-k, Charcot, Flechaig) :— 

(a) The median division oE the anterior column is 
called the direct or uncrossed pyramidal fasciculus, 
being a continuation o£ that part of the anterior 
pyramidal tract of the medulla oblongata (see below) 
that does not decussate. 

(6) The anterior division of the latei-al column is 
called the anterior radicular zona 

(c) The direct cerebellar fasciculus corresponds to 
the peripheral portion of the postero-lateral column ; 
it is a direct continuation of the white matter of the 



(d) The posterior division o£ the lateral column. 
inside the cerebellar fasciculus ia called the fasciouliw 
of Tiirk, or the crossed [«rtion of the pyramidal fasdr 
cuius, it being a continuation of the decusRated port of 
the anterior pyramidal tract of the medulla oblongata. 

{e) The lateral division of the posterior column, 
with the exception of a small peripheral zone, is the 
cuneiform or cuneate fasciculus, or posterior radicular 

(/) The median division of the posterior column ia 
called the fasciculus of GfolL 

This part is connected directly with the median 
Uidle of the posterior nerve roots. (iS'ea below.) 



TImr vsrioBi diviacna cul be trawtl from Uti> 
iiipiliilhf oblo i^ rt* iDto the cerrioal, mtil a firtminr 
V Hualler partkiD of tha dorsal part of tlio <xiiil, liliL 
btiber down aooat of them are lost aa supiirato trtMitM, 
except the bsckaalaB of Tiirk. 

171. Hw «!>•«■« Nikstaacc mg, 84) of )>ol.li 
tbe white and grey matt«v-t.&, we iiuliiilaiiw in 
which nervB-fibrea, 
nerre cells, and Uood- 
Teaaela are embedded — 

irkind<tfcoa- 

is called by Virchow 
netmifiia aikd by Kol- 
liker snpportiiig tissue. 
It otmsiste of three dif- 
ferent kinds of ele. 
menta : (a) a homoge- 
neons txan^tarent semi' 
fluid matriXf which in 
hardened sections ap- 
peals more or leaa gran- 
ular; (6) a network of 
very delicate fibrils — nevavffUa JibriU — wliittli nrn 
Binular in some respeots, but not quite idiinlioitl willi 
elastic fibres. 

In the columns of the white matter the fllirilM «ixt<iiiit 
pre-eminently in a longitudinal direction, in IIki grviy 
matter they extend uniformly in all diifictionK, iinil in 
the septa between the columns ttit^y extiuiU cliinlly in 
the direction vertical to the long axiii of tho ninl. 

(fi) Small branched nucleated ccHh iiititiirib'ly 
woven into the network of neuroglia fibriJH. 'I'liiwii 
cells are the nev/roglia cells. The grefttxir tlio QiTiuiint 
of neuroglia in a jwirticular part of the white or grey 
matter the more numerous are these throe elommiM, 

172. In both the white and grey matter the 
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iieiiTf^lia has a very iinequal distribution ; but there 
ill's certain definite places in which there is always a 
considerable amount — a condenaation, as ifc were, of 
neuroglia tissue. Thesa places are ; underneath the 
pja mater — ie., on the outer surface of the white 
matter — there moat of the neuroglia fibrils have a 
horizontal direction ; near the grey matter there is 
a greater amount of neuroglia between the nerve- 
flbrea of the white matter than in the middle parts of 
this latter ; in the septa between the columns and 
l)etween the divisions of columns of white matter ; at 
the exit of the anterior and the entrance of the 
posterior nerve roots. 

A consideiable accumulation of neuroglia is 
present immediately aro«nd the epithelium lining the 
central canal ; this mass is cylindrical, and is called 
the central grey jiiicfflw of Kciliiker. The epithelial 
cells lining the central canal are conical, their baaea 
facing the canal, their pointed extremity being drawn 
out into a fine filament intimately interwoven with 
the network of neuroglia, fibrils. In the embryo and 
young state, the free base of the epithelial cells has a 
bundle of cilia, but in the adult they are lost 

Another considerable accumidation of neuroglia 
exists in the posterior portion of the posterior grey 
horns, as the suhitaiitta gelatinota of Rolando. 

173. Tbe white matter (Fig. 85) is composed, 
besides neuroglia, of medullated nerve-fibres varying 
very much in diameter, and forming the essential and 
chief part of it. They possess an axis cylinder and 
a thick medullary sheath more or less laminated, but 
are devoid of a neurilemma and its nerve corpuscles. 
Of course, no nodes of Rauvier are observable. , In 
specimens of white matter of the posterior columns, 
where the nerve-fibres have lieen isolated by teasing 

otherwise, many fine medullated fibres are met 
with which show the varicose appearance mentioned 



obilxvi.] The Spisal Cokd. 155 

in a former diapter. The medallatod iienre£l««^ 
or rather tiie matrix of tbnr medoUair sh«ath, coo- 
taios nenrokentin. Hm nerre-fibfes (rf the white 

matter nm dtieSj 

direction, and tbey -i^^^^y^^,^,^^ 

are separsted from , i^~ • *:'- r.*;°-"^r-^' 

one another by the ' .^^ - 

neon^lia. Hereand ■ ^*-- '-!„ 

iJtereintJie columns -,"■ - _ \L^J ' . ' .1^ 

of white matter are . '^^f'^^' 

seen connective tis- ^ * ■ . , * •^9? 

sne sepba with ves- ■ '^ - - ',3*^^ 

sels, by which the ' /'.*•■' 

nerve - fibre, are ^^,^ . ,i™,„ .m.. 

gnraped more or Omngh tlu Wbite IbHtrral theCord. 

leas distincUy in si»™iiiBUieiniin»fr»ij-rniii>tdii]imi«!DMn- 

divifflOUS. biMcLnliiinirognicellt. {AIlu.) 

174. Althongh 
most of the nerve-iibrea constituting the columns of 
white matter are <rf a loagitndinal directiiin — i.r., 
passing upwards or downwards between the grey 
matter of the cord on the one hand, and the brain and 
medulla oblongata on the other — there are nevertheless 
a good many nerve-fibres and gTQ)ips of nerve-fibres 
trbich have an oblique or even horizontal course. 

(1) The anterior mediae fissure does not reach 
the anterior grey conmiissure, for between its bottom 
and the latter there is tlie white commissure. This 
consists of bundles of medullated nerve-fibres passing 
in a horizontal or slightly oblique manner between the 
grey matter of the anterior horn of one side, and the 
anterior white column of the opposite aide (Fig. 82,3). 

(2) Nuraeroiis medullated fibres are derived from 
the grey matter, and they pass in a horizontal or 
oblique direction into the white matltr, especially in 
considerable numbers into that of the lateral columns. 
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Having entered the white matter, tliey take a longitu- 
dinal directien. Most of tliese fibres enter the wliite 
matter in the septa and septula, by wliich the nerve- 
libres of the whit« matt«r of the columns are sab- 
divided, and having passed in. a horizontal direction. 
in the septa and septula, some for a shorter, othets 
for a longer distance, they enter the' columns and 
pursue a longitudinal «>ursa 

175, (3) Tlie meduUatfd nerve-fibres which leave 
the cord by the anlsriiw reerce rocjjg are comparatively 
thick fibres, which pass out of the anterior portion of 
the grey matter of the anterior horns in bundles ; 
they pass through the white matter in an oblique 
direction, by septa, and emerge in the anterior lata^ 
Ijssure above mentioned. 

(4) The raedullatod nerve-fibres entering the cord 
by tlie posteriw nmve roots are thinner than those of 
the anterior nerve roots ; they pasa into the cord by 
the posterior lateral fissure. Having entered, they 
divide into two bundles, one mediait and another 
lateral. The fibres of the former pass in an oblique 
direction into the white matter of the posterior 
columns — the cuneiform lasciculus (see above) ;— and, 
having run in these in a longitudinal direction, again 
leave them, sooner or later, and enter, iu a horizontal 
or slightly oblique direction, the grey matter of the 
posterior horns. The fibres of the lateral bundle^ 
on the other hand, pass directly from the posterior 
nerve root into the hindmost portion of the grey 
matter of the posterior hom. The nerve-fibres of 
the posterior roots entering the grey matter divido 
repeatedly, and show very markedly tlie varieose 
appearance, 

176. The grey matter consists, beaideB tlie 
uniform network of neuroglia fibres and neuroglia 
cells, ot nerve-Jibret and of nerve-cells, OTffanfflionoelh, 

The nerve-fibrea aro of three kinds— medullatod 
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fibres, simple axis cyliuders of various sizes, and primi- 
tive nerve-fibrillaB. 

The medvMated nerve-fibres ran a more or less 
horizontal course, and they belong to different 
sources : — 

(1) Medullated nerve-fibres connected directly — 
i.e., by the axis cylinder process (see below) — urith 
ganglion cells of tlie arUeriar horns ; they leave the 
anterior horns by the septa and septula, and they 
form the anterior nerve roota 

(2) Medullated nerve-fibres which form the an- 
terior white oommissii/re ; they are traceable from the 
anterior column of one side into the grey matter of 
the anterior horns of the opposite side^ as has been 
mentioned above; some of these, at any rate, are 
distinctly and directly traceable to ganglion cells. 

(3) Medullated nerve- fibres derived indirectly 
from, the media/n hv/ndle of tlie posterior nerve root — 
i,e.f coming out of the cuneiform fasciculus of the 
posterior column and medullated nerve-fibres derived 
directly from the lateral bundle of the posterior nerve- 
root. Both these kinds of nerve-fibres can be traced 
for longer or shorter distances in the grey matter of 
the posterior horns; on their way they undergo 
numerous divisions into very fine medullated fibres. 

(4) Medullated nerve-fibres parsing from. tJie grey 
matter into tJie white matter of the lateral column. Some 
of these are nerve-fibres that pass simply through the 
grey matter of the anterior horns from an anterior 
nerve root ; others are derived directly from ganglion 
cells forming the columns of Clarke in the dorsal 
region {see below). But the majority are derived from 
that part of the grey matter intermediate between the 
anterior and posterior horn. 

177. The simple axis cylinders are found very 
numerously in the grey matter of all parts ; they are 
of many various sizes, and run in all directions, many 
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of tliGin, especially the larger ones, are ouly the first 
part of the medullated nerve-fibres, being the axis 
cylinder process of a ganglion cell, which process, 
after a shorter or longer courBe in the grey matter, 
becomes ensheatlied in a medullary sheath, and re- 
presents one of the above medullated fibres. But 
there are also numerous fine axis cylinders, which are 
the last outrunners of the nerve-fibres entering the 
grey matter by the poat^rior roota. They are Been 
r-erywhere, isolated and running in »malhr or la/rgor 



178. ThB primitiw. nm 
part of the grey matter, 
gi-ey matter of all parts being composed, besides the 
network of neuroglia fibrils, of an exceedingly fine 
and dense network of primitive JIbrilla! (Gerlach). 
These are the nervous groundwork into which pass, 
and from which originate, nen'e-fibrea. The nerve- 
fibres wbioli are derived from the posterior roots 
having entered the grey matter of the posterior 
horn undergo repeated divisions, and ultimately be- 
come connected with this network of primitive 1 
HbrillfiB. Numerous nerve-fi.breg take their ori^n in ' 
the network of primitive fibrillte, and leave the grey 1 
matter as medullated nerve-fibres, which pursue a, 
longitudinal course in the anterior and especially in I 
the lateral column of the white matter. I 

179. The gangUon «eUs (Fig. 86) of the grey 
matter are of various sizes and shapes, the branched, or 
stellate, or multipolar shape being predominant ; some 
have a more or lesB spindle-shaped or bipolar body, bat 
each extretEiity may be richly branched, Each has k 
relatively large nucleus bordered by s membrane, KoA. 
in it ia a reticulum with one or two nucleoli. Bk» 
largest ganglion cells occur in the anterior horn^ 

likewise in the Clarke's column of the dorsal regioa{ 
the sniailest in the posterior Wins. T^e. ^Mv^lion celfe 



chip,xvL] The Spinal Cord. 139 

an iDDoh more namerous in the anterior horn than in 
tlie poetflrior, -where they are relatively scarce. 

In the former they are all stellate or multipolar, 
and form definite groups (a) an anterior group, 




Fig. B8.— An Isolated Ounlion Cell of the Anterior Ham of tba 
HanuHi Cord. 

(6) a 'median or inner grov-p, and (c) a lateral group. 
The cells of the lateral group are the largest, those of 
the inner or median group are the Hmallest of the 
three. The lateral group of ganglion cells extends in 
the cervical region for a longer or shorter distance 
into the white matter of the lateral (xAMTim. 
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. In the dorsal region of the cwd there exists 
near the gre; commisBon 
a special cylindrical groap 
of large multipolar gan- 
glion cells, which form tJie 
eolvmm. of Lod^xart Clarht. 
In the posterior honu 
the ganglion cells are few 
and far between. Most of 
. tbem belong to the pntion 
., of the posterior horn near 
the poeterior commisaaiek 

The subetance of tlie 
ganglion cells is fibrillated, 
but there exists a granular 
interstitial material, which 
is especially well develt^Md 
near the nucleus. Scnae- 
times smaller or larger 
masBes of yellowish pig- 
ment granules are preeent 
in this part of the o^ 
subetance — *.«., near the 
nucleua 

181. The fibrillated sub- 
stance of the ganglion cells 
is prolonged on to the pro- 
cesses. There are always 
one or two that are thicker 
than the others. At a 
rig. B7.— An iBoiated Moltipoisr longer or shorter distance 
rf^li-corf'^"'*^'^' ^'^^ '•'^ "^^ ^^ proo^^ 

The 4«Kirtii>»iii,-h™iieii«i procwiHi *T^«<^i lUndnticaUy into 
KwBhfchuiiSiMpMJirniiVh'i^fr * large number of fibrea, 
I™t "(Ge'SeMfstrG^'^H.S^,) '"hieh eventually break up 
into the fine network of 
primitive fibrillte, forming ^e nei'vous groundwisrk of 
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tlie grey matter {Fig. 87). The ganglion cells of the 
interior horn and the cella of Clarke's column liavB, 
in addition to tiese branched processes, genei'aily one 
nnbranched pale process (occasionally, but rarely, this 
is double), iFhich takes its origin in the cell substance 
with a tiin neck. This is the aaa« cylinder process of 
Deitprs ; it becomes invested sooner or later in a 
medullai-y sheath, and then represents a medullated 
nerve-fibre, as mentioned on a former page. Tho' 
ganglion cells of the posterior horns have no axis 
cylinder process, all processes being branched and 
connected with the ground nerve network in the same 
way as the branched processes of the ganglion cells of 
the anterior horns. 

Anastomoses between the processes of the ganglion 
cella of the anterior horns have been observed in a 
few instances (Carrifere). 

182. The ganglion cells of the anterior horns and 
those forming Clarke's columo — i.e., the ganglion 
cells with axis cylinder process — are conaiciered aa 
motor, the others as sensvry ganglion cells ; that is to 
say, the former are connected with a motor nerve-fibre, 
the latter with a sensory fibre ; but it would ho quite 
incorrect to say that all motor fibres are connected 
with the former, all sensory fibres with the latter. 

1 83. The white and grey matter is supplied with a 
large number of blood-vessels, the capillaries being 
more abundant and forming a more uniform network 
in the grey than in the white matter ; in the latter, 
most of them have a course parallel with the long 
axis. The blood-vessels are ensheathed in lymph 
spaces (perivascular spaces of His), and the ganglion 
cells are each surrounded by a lymph space (peri- 
cellular space). 
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184. Aa the cervical j ortion of the cord passM 
into the medulla oblongata. itB parts alter position, 
arrangement, and name in the following manner : — 

(a) The anterior median fissure is continued as 
far as the medulla extends. The posterior fissure of 
the cord is also continued on the medulla, but in the 
upper portion ia lost, owing to the fact that flie 
central canal, which in the cord is situated in about 
the middle, shifts in the medulla towards the posterigr 
surface, and soon altogether opens into the fourth 
ventricle. 

185. (6) The tracts of white matter bordering the 
anterior median fissure of the medulla, and separated 
from the other tracts by a distinct Sssure on the 
surface, are the pyramidal tracts. As was mentioned 
on a former page, the median portion of the anterior 
columns of white mutter of the cord — t.e., the un- 
crossed or direct anterior fasciculus — is a dii-ect pnh 
longation of the pyramidal tract, and can be foUoirecl 
in this upwards into the pyramids — i.e., the oblong 
prominences in the upper part of the medulla nelt 
to the antejior median fissure — and from there to 
die pons Varolii and farther into the crua cerebri 
A major portion of the pyramidal tract crosses in 
the lower portion of the meduUa, in the anterior 
median fissure— this forms the pyramidal decassaiwn 
(Fig. 88). These crossed bundles enter the [losteto- 
lateral column of the cord, that part of it which lats 
been mentioned above aa the fasciculus of Tilrk. Tb« 
crossed portion of the pyramidal tract passes into 
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tie pyramids and feirthev on into the pons Varolii a 
Crua cerebri. 

186. The greater portion of the anterior colum 




YK'B. 88.— TnuuTCTae eeeticm thronsh tlie Msdalli Oblongata in 
KeglDn ot the Pjnuiiida] DeauaBSiticni. 



of ■white matter of the cord is situated deeper i 
medulla than the pyramidal tracts. 

(c) The lateral coiiimn of white matter o 
oord can he traced into tlie medulla aa the laterat 
traft. In the upper part of the medulla it becomol 
hidden from view by the olivary bodies and thfl 
transversely arranged white tracis. The lateral trao* 
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of the mcrliilla compriseB all parts of the lateral 
column of the cord inoluding that portion which waa 
iiiontioned as the aaterior radicular stoae and the direct 
cerebellar faaciculus, but not that posterior division 
of it which was mentioned previously as the fasciculus 
of Tiirk, or the crossed pyramidal fasciculus. 

((^ The posterior column of the white matter of the 
cord is continuous with the same column of the meduUa, 
Tiiat portion of it which lies next to the posterior 
median fissure, and which is called in the cord the 
fasciculus of Groll, is in. the medulla called the,/(ucicu^ 
{or funiculus) graeilU. In tlie upper pwt of the 
medulla, as the central canal opens into the fourth ven- 
tricle, the fasciculusgracilis turns in an oblique manner 
outside,andform8thelateralbonnd8ry of the ventricle. 

187. (e}Thelateralpartof theposteriorcolumnof the 
cord, which was mentioned as the fasciculus cuneatus, is 
prolonged into the medulla under the same name. But 
Iietween the two— i.e,, thfl fasciculus gracilis and iesd- 
culus cuneatuB — there exists another tract, which is 
called by Bchwalbe funicuhis of Solaitdo. In the 
upper part of the medulla the fasciculus cuneatus 
becomes covered by transverse bundles of inedullatml 
nerve-fibres ; these pass from the anterior medioik 
fissure across the surface of the pyramids and olivary 
body in a transverse direction towards the posterior 
fissure, but before reaching this take an upward 
direction. These bundles are the external arouale 
Jlhres. In the upper part of the medulla the ex- 
ternal arcuate Jibrea, part of the funiculus cuneatus 
and funiculus of B,olaudo, as well as the direct cere- 
bellar fasciculus of the lateral eoiumn, all join to form 
a prominent ti'act of white matter — -the corpus re«tt- 
forme — which enters the white matter of the cerebellar 
hemisphere on the same side ; this is the pedvmauivu 
cerebelli ad medulUtm oblongatam, or the lower o 
bellar peduncle. 
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188. (y) In the region of the pyramidal decussation 
— i.e., the lower part of the medulla immediately fol- 
lowing the cervical portion of. the cord — the grey 
matter of the cord is changed in its disposition by 
the fasdcoluB of Tiirk or the crossed pyramidal 
fasciculus paaedng en masse from the lateral column 
of white matter through the anterior horns of the 
grey matter. Hereby the anterior portion of the 
grey matter of the oord is shut off from the rest of 
the grey matter, and is found lying near the surface of 
the lat^<al column of the lower portion of the medulla 
88 the laieral nucleus of grey matter (Fig. 88). The 
main part of the anterior horn, however, is repre- 
sented by the reticular fofrmaJtion of grey matter. 
This contains in its lateral* portion^ at any rate, the 
same large multipolar motor ganglion cells with axis 
cylinder processes of Deiters and nervous ground- 
network as the anterior horn of the cord ; but in 
addition there are the numerous bundles of medul- 
lated nerve-fibres passing through it in transverse, 
oblique, and longitudinal directions. Some of these 
fibres belong to the continuation of the anterior 
columns of white matter of the cord, others join the 
fasciculus gracilis and cuneatus, and a third kind pass 
out from the middle line of the medulla. 

189. (g) The grey matter of the posterior horns of 
the cord undergoes a change of disposition when passing 
into the medulla. Its hmdmost portion is gradually 
shifted outwards by the development of the reticular 
formation of grey matter, and in about the middle of 
the medulla it is found lying near the surface of the 
lateral column as the tvJbercle of Rohmdo. The rest 
of the posterior horn remains at first collected around 
the central canal; but as this gradually approaches 
the posterior fissure, in order to open as the fourth 
ventricle above, the grey matter gradually expands 
laterally into the funiculus gracilis and cuneatus of 

K 
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the white matter, and forms one distinct accumulation 
of grey matter in each of these funiculi ; they are 
respectiydly the nudefos gracilis and the nucleus 
cunecUtis. The former is the grey matter, in the 
axis cylinder process of whose ganglion cells the nerve- 
6bres of the funiculus gracilis oiiginate ; but in the 
latter only a portion of the nerve-fibres of the 
funicuhiB cuneatus take their origin ; since another 
part of it joins the restiform body, and with this 
passes into the cerebellum. 

190. In the upper part of the medulla — i.e,, in the 
region of the fourth ventricle — ^the grey matter forms a 
continuous mass, the ^or 0/ the fourth ventricle (Fig. 
89). In this region there is a distinct median septum, 
by which the medulla is divided into two halves ; this 
is the raphe. It represents a thin membrane of nerve 
substance extending from the anterior longitudinal 
fissure to near the middle line of the floor of the fourth 
ventricle. This membrane consists of white matter 
in the shape of bundles of medullated nerve-fibres 
passing longitudinally, transversely, and obliquely; 
and of small masses of grey matter interspersed 
between the nerve-bundles, and especially at the side 
of the raphe, where nerve-fibre bundles pass out of 
it. The grey matter contains multipolar ganglion 
cells. 

191. In a transverse section through the upper 
pa]*t of the medulla, we find at the side of the 
pyramid, and a little behind it, but covered on the 
outer surface by white matter — i.c., the bundles of 
nerve-fibres constituting the fibrse arcuatse extemse — 
a plicated lamina of grey matter which constitutes the 
olivary nudetis, or nucleus dentatus of the olivary 
body. It extends with its posterior portion into the 
reticular formation. Continuous with the olivary 
nucleus, but situated nearer the raphe, is a small 
lamina of similar grey matter ; this is t\vQ «i£^(^<e»6t^ 
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olivaiy nucleus. la botli nuclei &ro found numerous 
multipolar ganglion cellti, eaoh witii cm axia cylinder 
jtroceas. 

192. Tlie grey matter at the floor of the 

fonrth ventricle ia that from which the nerve roots 
of the cerebral nerves (facial auditory, glossopharyn- 
geal, pneuraogastric, accessory, and hypoglossal) origi- 
nate. The ganglion cells in it are of various sizes, 
and are abrogated into groups which represent the 
"tauHex" — ifl., the origin of the above nerves. The 
thin layer of grey matter forming the ttoor of the 
ventricle, in the strict sense, is neuroglia only, a con< 
tinuation of the central grey nucleus of the cord. 

The nerve cells in the hypc^loseal nucleus are 
the largest ; they are as large as the large cells 
of the anterior horns of the cord. The cells of 
the glossopharyngeal nerves are considerably smaller. 
The motor nerve-fibres («.^., those of the hypoglossal 
and pnoumogastric) originate, as the axis cylinder 
process of t^e multipolar ganglion cells, in exiictly 
the same manner as "was mentioned in the cord, 
but the sensory nerve fibres of these nerves originate 
from the nerve ground network, into which the 
processes of the ganglion cells of these nuclei break op. 

193. In the lower part of the medulla, as long as 
there is still a closed central canal, we find next lo 
this the last outrunners of the gro\ips of ganglion 
cells representing the nucleus of the spinal accessory 
and hypoglossal 

As we pass upwards, and as the central canal 
opens as the fourth ventricle, the groups of ganglion 
cells below the floor of the ventricle are so arranged 
that we find near the median Line the group repre- 
senting the hypoglossal nucleus ; then, farther out' 
wards, several groups representing several sub-diviaions 
of the pneumogostric nucleus ; still farther upwards, 
butmoreintheanteriorpart of the medulla, thenucleos 
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of the glossopharyngeal nerre ; and, lastly, but more 
outwards and upwards, several divisions of the nucleus 
of the auditory nerve. The nerve-fibres, originating 
in these nuclei, pass in bundles through the substance 
of the medulla oblongata, so as to appear on the 
antero-lateral surfaca Of course these nerves, the 
nuclei of which are situated nearer to the middle line — 
e,g,9 the hypoglossal uid spinal accessory — ^have to pass 
through the reticular formation, whereas those whose 
nuclei are situated more laterally pass only through 
the lateral part of the medulla. 



CHAPTER XVIIL 

THE CBRSBRUM AND CEREBELLUM. 

194. Thb structure of the dura mater, arachnoidea, 
and pia mater of the brain is similar to that of the 
saune membranes of the cord. 

As has been shown by Boehm, Key and Eetzius, 
and others, the deeper part of the dura contains peculiar 
ampuUated dilatations connected with the capillary 
blood-vessels, and representing in fact the roots of the 
veins. 

The gUmdulm Pcuxkiamy or arachnoidal villi of 
Luschka, are composed of a spongy connective tissue, 
prolonged from the sub-arachnoidal tissue and covered 
with the arachnoidal membrane. These prolongations 
are pear-shaped or spindle-shaped, with a thin stalk. 
They are pushed through holes of the inner part of 
the dura mater into the venous sinuses of this latter, 
but are covered with endothelium. Injection matter 
passes from the subarachnoidal spaces through these 
stalks into the villL The spaces of their spongy 
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EubatAnce become thereby tilled ajid enlarged, and 
tiiiaUy the mjection matter eaters the venous sinus 
itself. The pia cerebralis is very rich in blood-vessela, 
like that of the cord, which pass to and irom the 
brain Hubstance. The capillaries of the pia mater 
possess !m outer endothelial sheath. The plexus 
choroitleuB is covered with a layer of polyhedral 
epithelial cells, which are ciliated in. the embryo find 
young. 

1U5. As was mentioacd of the cord, so also in ths 
hraiii the suVdural lymph space does not commuoicate 
with the sub-arachnoidal spaces or with the ventri- 
cles (Luschka, Key and Iletzius). Kor is there a 
communication between the sub-arachnoidal space and 
the epicerebrol space — t.e.,aspace described byUis to 
exist between pia mater and bnun surface, but doubted 
by others. The relations between the cerebral nerves 
and the membranes of the brain, and the lytnph- 
spaces of both, are the same as those described of 
the cord and the spinal nerves on a previous page. 

19't. The pia mater passes with t)ie larger blood- 
vessels into the brain substance by the sulci of the 
cerebrum and cerebellum. 

In the white and grey matter of the brain we 
find the same kind of supporting tissue that tre 
described in the cord as neuroglia. It is also is 
the brain composed of a homogeneous m.atTvx^ of a 
network of newraglia ^hrtk, and of branched, flat- 
tened neuroglia cells, called Deiters' cells. 

In the white matter of the bndn the neuroglia 
contabis between the bundles of the nerve-fibres I'ows 
of small nucleated cells ; these form special accumula- 
tions in tlie bulbi olfactorii, and in the cerebellum. 
Lymph corpuscles may be met with in the neuroglia, 
especially around the blood-vessels and ganglion cells. 

A]\ the ventricles, indudiug the aquednctus Bylvij, 
are lined with a layec of iieixvu^Wa, \»vu(j a direct 
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oontinuation of the one lining the fourth ventricle, 
and this again being a direct continuation of the 
central grey nucleus of the cord. Like the central 
canal of the cord, also, the Tentrides are Hned with a 
layer of ciliated columnar, or short columnar epithelial 
cells. 

197. The blood-vessels form a denser capillary 
network in the grey than in the white matter ; in the 
latter the network is pre-ominently of a longitudinal 
arrangement, t.e., pandlel to the long axis of the 
bundles of the nerve-fibres. In the grey cortex of 
the hemispheres of the cerebrum and cerebellum, many 
of the capillary blood-vessels have an arrangement 
vertical to the surface, but are connected with one 
another by numerous transverse branches. 

The blood-vessels of the brain are situated in 
spaces, pt^va^GulaT lymph-apacea, traversed by fibres 
passing between the adventitia of the vessels, and 
the neuroglia forming the boundary of the space. 
There are no real lymphatic vessels in the grey or 
white substance. 

198. The wliite matter consists of medullated 
nerve-fibres, which like those of the cord possess no 
neurilemma or nuclei of nerve corpuscles, and no 
constrictions of' Kanvier. The nerve-fibres are of 
very various sizes, according to the locality. Divisions 
occur very often. When isolated they show the 
varicosities mentioned in the cord. 

The grey matter consists, like that of the cord 
and medulla, besides the neuroglia, of a very fine net- 
work of elementary nerve-fibrils (Rindfleisch, Gerlach), 
into which pass, on the one hand, nerve-fibres, and, 
on the other, the branched processes of ganglion cells. 

W.iiati regard to the structure of the ganglion cells 
of the brain and meduUa, what has been mentioned 
of the ganglion cells of the cord holds good as to 
them. Like the former, those oi Wie TCk<^\)^ ^sA 
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brain are situated in tj-mph Bpaces or the pericellular 
spaces (Obersteiner). 

199. We now follow the above description of 
the structure of the medulla with that of the cettr 
bellum and pons Varolii. 

I. The cerebellum is composed of lamina, 
folds, or convolutions, composed of secondary folds, 
each of which consists of a central tract of white 
matter covered with grey matter. The tracts of wbit« 
matter of neighbouring convolutions of one lobe or 
division join, and thus form the principal tracts of 
white matter. 

The white matter of the cerebellar hemisphere ia 
connected (u) with the moilulla obloDgata by the 
corpus restifonne, this forming the inferior pedoncle 
of the cerebellum ; (&) with the cei'ebmui by the 
pedimculus cerebelji ad cerebrum, this forming the 
superior peduuciilua ; oad (o) with the other oereb^ar 
hemisphere by the commissure passing through the 
pona Varolii ; this ia the pedvinculus cerebeili ad 
pontem, or the middle pedunculua. 

200. On a vertical section, through a lamina of the 
cerebellum (Fig. 90), the following layers are seen : (o) 
the pia mater covering the general surface, and pene- 
trating with the larger blood-vessels into the peripheral 
substance of the lamina ; (i) it thick layer of cortical 
grey matter ; (c) the layer of Purkinje's ganglion 
cells ; [d) the nuclear layer, and (e) the central white 
matter, 

201. The layer of ganglion cells of Purkinje is the 
moat interesting layer ; it consists of a single row ot 
targe multipolar ganglion cells, each with a large 
vesicular nucleus. Each possesses also a thin axis 
cylinder process, directed towards the depth, the 
cell sendingoQt in the opposite direction — i.&, tawards 
the surface—a thick process which soon bruioheS 

/iie the antlers of a deer, tVe ^-cQccasR'a \ieing all very 
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long-branched Bnd purauing a vertical course towaxda 
the surface ; sooner or later thej' all break up into the 
fine nerve-ground network of the grey cortex. The 
longest processes reach near to the surface. The 
layer (6) above mentioned — i,e., the cortical grey 
mutter — is in reality the tenninal nerve network for 
the branched processes of the ganglioii cells of 
Furktnje. Sankey maintains that in the human cere- 
bellum there are also other smaller multipolar gang- 
lion cells connected with the processes of the cells of 
Purkiuje. 

202. The nuclear layer contains a large number of 
spherical or slightly oval relatively small nuclei em- 
bedded in a network of fine fibrUs, the nature of 
which is not definitely ascertained — i.e., whether it 
consists of neuroglia only, or whether it contains, 
in addition, also a network of nerve fibrils. The latter 
JB exceedingly probable. The nuclei are nuclei of 
neui'oglia cells, of lymph corpuscles and of small gang- 
lion cells. 

The axis cylinder process of the ganglion cell of 
Purkinje passes through the nuclear layer, and be- 
coming invested with a medullary sheath, enters as 
a medullat«d nerve-fibre the central white matter. 
There are, however, medullated nerve-fibres of the 
central white matter, which are not connected with an 
iixis cylinder process of a Purkinje's cell, but enter 
the nuclear layer and probably terminate there in the 
nerve network, or pass through it and terminate iu the 
nerve network of the grey matter of the cortex. 

203. n. The pons TarolU (Pig. 91) is a pro- 
longation partly of the medulla and partly of the 
cerebellum. Of the latter only white matter passes 
transversely into the anterior portion of the pons, 
and forms there the (mwswefse handle of neroe-JSrrea, 
M'bich give to the pons the horizontal striation. 

As we pass upwards — t.e.,^a,rt\iet B.t(ay from th^ 
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medulla, this part of the pons — i.e , that c 
borizoatal fibres — increaaea in thicknesB 

204. Of the medulla there is a greatei portiotj 
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continned into the pons than of the cere1>ellui 
(1) There are the pyramidal tracts ; they do not lie 
the eitrface aa in the medulla, but 
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— thB moat anterior bundles-— of the transverse fibres. 
The bundles of the pyramidal tract pass as longitudinal 
fibres merely through the anterior half of the pons, 
and enter the crura cerebri where they form the 
cmsta. (2) The raphe. (3) The reticular formation ; 
but this ia limited to the posterior part. Small masses 
of grey matter and ganglion oella are scattered every- 
where between the trttnaverse bundlea of the nerve- 
fibrea of thia formation. (4) The grey matter at the 
floor of the fotirth ventricle. This grey matter con- 
tainB also on the posterior surface of the pons groups 
of multipolar ganglion cells. 

Near the middle line there is a gi^up of large 
multipolar ganglion cells, each with an axis cylinder 
process. This ia the nucleus for the sixth nerve, and 
of part of the seventh, the former lying more median 
than the latter. There is another nucleus of the 
seventh situated more deeply — V.B., in the reticular 
formation. More outwards we meet with the superior 
nucleus of one of the root« of the auditory nerve. 
Farther upwards we meet with the nucleus of the 
motor roots of the fifth. 

(5) In the lower part of the pons there exists also 
a continuation of the grey matter of the corpus den- 
tatum of the olivary body. 

205. The pona ia connected with the cerebrum by 
the cmsta of the crus cerebri, which, as mentioned 
above, are bundles of medullated nerve-fibres posaing 
merely through the pona but being continuations of 
the anterior pyramidal tracts of the medulla. 

306. III. The hemispheres of the cere- 
bmni. — On a vertical section each convolution showa 
a whils antre and a tjrey cortex. The former is com- 
posed of medullated nerve-fibres. The white matter 
of the convolutions of the cerebral hemispheres is ar- 
ranged as (a) the eentruTH. ovale — i.e., the central mass 
of white matter from whi'ClitlielajmRatit ■Hbiten: ' 
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iot each oooTolntiou 
bnDches o^ and, (&), 
the commisBDra of wlute 
matter bidireen the two 
hemi^herea, i.«,, tlia 
eorjma eaUoniim and 

The centnun ovale again 
oonnsts at tracts of 
medullated nerve-fibre, 
which oonneot (a) the 
conrolntitHiBof the same 
hemiaphere with (me 
anotiia'] and (d) such as 
pMOB between Uie ooa- 
volationi on the one 
hand, and the thalamus 
opticas, the pons, and 
medulla on tiie other. 
tHneoa troctB paae by tiie 
intenuJ capsule (see 
below) to the thalamus 
aptiaoAy and to the crus 
oerabrL 

The grejf eorttx con- 
sitts, according to Mey- 
nert, of tiie following 
layera(Fig. 92) :— (1) a 
superficial layer of grey 
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?rve ground networt), with 
few and small ganglion cells. 
(2) A layer of small more or 
lesB pyramidal ganglioa cells 
densely a^regated. (3) The 
formation of the cornu Ain- 
monis. This is the principal 
or broadest stratum of the 
cortex ; it is composed of 
several layers of large, pyra- 
midal ganglion cells, increas- 
ing in size as a deeper layer 
is reached. 

The pyramidal cells of 
this third and of the previous 
second stratum consist of a 
pyramidal body including an 
oval vesicular nucleus (Fig. 
93). From the body paw out 
the following principal pro- 
cesses :- — (a) tl le process of the 
apex, directed towards the 
rface of the convolution ; 
it can be traced for 
a longer or shorter 
distance. (h) The 
lateral basilar pro- 
cesses, and finally 
the median basilnr 
process. Tliia latter 
is fine, remains an- 
branched, and is an 
aTds cylinder process, 
i.e., becoming in- 
vested with a medul- 
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white matter. The other processes, sooner or later in 
their course, branch and break up finally into the 
nerve ground network of the grey matter. (4) A thin 
stratum of small irregular branched ganglion cells, the 
granula/r fiyrmtUvon of Meynert. (5) A last stratum 
of spindle-shaped and branched ganglion cells, ex- 
tending parallel to the surface. 

207. According to Meynert, i^e grey cortex of the 
posterior portion of the occipital lobe about the sulcus 
hippocampi consists of eight layers, the granular for- 
mation being the principal one. In the grey cortex of 
the coma Ammonis, on the other hand, the third 
layer is the principal layer, the fourth being wanting. 
In the claustnim (part of the wall of the fossa Sylvii), 
the spindle-shaped cells of the fourth layer form the 
principal stratum. 

208. The bulbns olfactorins contains in most 
mammals, but not in man, a small central cavity 
lined with columnar ciliated epithelial cells. The sub- 
stance of the bulb around this cavity consists of an 
upper part, which is white matter, and is a continua- 
tion of the tractus olfactorius. The lower part is 
grey matter, and contains the following layers, count- 
ing from below upwards : (1) a layer of non-medul- 
lated nerve-fibres, each with a neurilemma ; this layer 
forms farther on the ol&ictory nerve going to the 
olfactory organ ; (2) the stratum glomerulosum, com- 
posed of a number of glomeruli or convolutions, 
each of which consists of an olfactory nerve-fibre, and 
in addition to it numerous small neuroglia cells \ (3) 
stratum gelatinosum of Lockhart Clarke, composed 
of a fine nerve network, and embedded in it multi- 
polar ganglion cells ; (4) a last and thickest layer of 
nuclei embedded in a network of fibrils, and similar in 
structure with the " nuclear layer." 

209. IV. The mesencephalon. — The fourth 
ventricle above the upper part of tibfi i^xl*& N«c^3^ 
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dofies ^atn into a small canal — the aqiieductuii 
•y^Itrit — which having passed in front out of the region 
of the corpora quadrigemina opens out again as the 
third ventricle. The parts around the aqueductus 
Sylvii represent the mesencephalon (Fig. 91), developed 
from the middle brain vesicle in the embrya They 
include the wall of the aqueductoH Sylvii, the corpora 
quadrigemina, and the crura cerebri. 

The nqueduclua I'iylvii is lined with epitbeliuni 
and a layer of neuroglia continued front the fourtJi 
ventricle. The raphe of the medulla and of the pons 
are continued into the lower wall of the aqueductus. 
The lining layer of neuroglia is on its frontal aspect 
Burrounded by a layer of grey subatance continued 
from the grey substance of the floor of the fourth 
ventricle. It contains in a nerve network numerous 
multipolar ganglion calls grouped into nerve nuclei, 
connected with the third, fourth, and part of the fifth 
pair of nerves. In front of this layer is one of con- 
siderable thicknesB representing the tegmentum, which 
is the dorsal or posterior portion of the crus cerebri. 

210. The corpora qnadrigemina. — Each of 
the two inferior prominences consists of a superficial 
layer of white matter, and a deep gi"ey portion, con- 
taining multipolar ganglion cells of various sizes 
embedded in a fine nerve network. Between this and 
the grey substance of the wall of the aqueductus Sylvii 
are tracts of white matter, forming part of ihaJiMU, 
In each of the two superior prominences there is also 
a superficial layer of white matter, beneath which 
is a layer of grey matter {stratum cinereum) ; under- 
neath this is the main portion — the ttratum optician — 
consisting of longitudinal tracts of nerve-fibres, be- 
tween which are small masses of grey substance. 
Between this stratum opticura and the grey matter 
forming the wall of the aqueductus Sylvii is a layer 
of white matter, part oE the Jittet. 
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311. The cms <!cr«bri of ea^hside ea&sists 
anteriof, middle, and posterior portion. The 
or ventral portion ia the onisto, or \ 
posterior or dorsal portion is the tegmentum. Be- 
tween the two is the substantia nigra. The cmsta ia 
composed of longitudinal tracts of medullated nerve- 
fibres passing from tlie margin of the pons Varolii 
to the internal capsule of the thalamencephalou, and 
farther into the white matter of the hemisphere. 

31 2. The leBmentmii ha.') beea meotioned al>ov0 
M heing situated in front of the grey matter forming 
the anterior wall of the aqoeductus Sylvii. Tlie 
tegmentum is a prolongation of the reticular formation 
of the pons Varolii and medulla (see above), i.e., small 
masaes of grey substance separated by ti-acts of nervft- 
tibres, most of which run in a longitudinal or transverse 
direetioD. The longitudinal bundles include a con- 
tinuation of the white matter of the cerebellnin, 
mentioned in a previous page as the superior 
peduncle of the cerebellum, or the ]ieduneulus cere- 
belli ad cerebrum. These undergo total decussation in 
the upper part of the mesencephalon, and ultimately 
enter the thalamus opticus. ' 

213. The subHtantfB nigra is grey matter 
situated between the two above ; it has received ite 
name from the numerous dark pigment granulea 
lodged in the substance of its gangliou cells. These 
are small and multipolar. 

214. V. The thalamencephalon and corpuii 
striatum. — The former comprises the parts of the 
brain situated round the third veutricle, the most im- 
portant being the thalamus opticus, the pineal gland, 
the corpora albicaotia, the infundibulum and tuber 
cinereum, and the hypophysis cerebri. The corpUa 
sPnatiim, is the ganglion of the cerebral hemisphere, 
with which it originates from the same part — is., the 
fi-ontal part of the firat cerebral vesicle of the embryo. 
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1315. The tbnlamns opll«Mis consists of & super- 
ficial layer of white, and a centre of gi'ey matter. 
In this iiumerouB multipolar ganglion cells at'e Qotieecl, 
The white matter in the outer portion is very con- 
siderable, and of great importance from its connec- 
tions. From it radiate tracts of medullated nerve- 
fibres, -whicli join tlie trsiots of the intei'nal capsule on 
I their way to ani] from the diifereut parte of the 

I cerebral hemisphera 

I The superior pedunculua cerebelli, after its 

F decussation with that of the opposite side, passes 

into the white matter of the thalamus. The trae- 

tus opticus is connected with the outer white matter 

of the posterior portion of the thalamus — i.e., the 

216. The corpus sti-iatum, as stated before, 

is considered as the ganglion of the cei'ebral Lend- 

I sphere. It consists of the niid^m eavdatus and the 

I Tmcletis UiiiicularU. The former projet-ta into the 

I lateiul ventricle, the latter is the outer portion trf 

I the corpus striatum. The nucleus lenticularis is 

P separated from the nucleus caudatua and from tlui 

' anterior portion of the thalamus opticus by tracts of 

medullated nerve-fibres, known as the internal cfspavU. 

On the outer surfaee of the nucleus lenticularis is* 

thin lamina of white matter which is the extern^ 

capsiils, This is separated from the wbit« matter 

of the cerebral convolutions at this part — t.e,, the 

I island qf lieil — by a thin lamina of grey matter, calied 

I the claiisti-ivm. The nucleus caudatuS^ and lenti- 

I cularis consist of grey matter with larger and smaller 

I groups of multipolar ganglion cells, permeated by 

I tracts of medullated nerve-fibrea, which originate ii 

I the gi'ey mutter. These tracts of white matter pau 

I tniusversely and obliquely into the internal capsolu, 

L and are to be traced on the one hand to the whibs 

^L w^&tter of the convokit\on& ot b^e ce'c^\iTD.l hemisphert^ 

^m I 
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which is, however, doubted by many observers, and 
on the other into the crosta of the cms cerebrL 

217. The intemal c^apsnle is one of the most 
important masses of white matter; it contains the 
ti-aicts of medullated nerve-fibres which pass between 
the white matter of the cerebral hemisphere and the 
cms cerebri — tie., the corona radiata of Reil ; further, 
it contains tracts of medullated nerve-fibres passing 
between the thalamus opticus and the white matter 
of the cerebral hemispheres ; and, finally, it contains 
tracts of nerve-fibres passing between the corpus 
striatum and the cms cerebri 

218. The pineal grl&vi^ ^^ conarium, and the 
anterior lobe of the hypophisis cerebri, are epithelial 
in structure and origin, and will be described in a 
future chapter. The pineal gland contains a large 
amount of calcareous matter — brainsand. 

The corpora albicantia are masses of white 
matter — ».e., medullated nerve-fibres; each corpus 
albicans includes a centre of grey substance. 

The irifundibulum and ttiber dnereum at the floor 
of the third ventricle are composed of grey matter ; 
the latter extends between the corpora albicantia 
to the optic commissure, while the former is connected 
with the posterior or minor lobe of the hypophisis. 



CHAPTER XIX. 

THE CEREBROSPINAL GANGLIA. 

219. The ganglia connected with the posterior 
roots of the spinal nerves, and with some of the 
roots of the cerebral nerves — e.g., Gasserian, otic, 
geniculate, ciliary, Mockers ganglion, the ^vjuXi^\sa. ol 
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the branches of the acoustic nerve, the submiutillary 
ganglion, ikc. — possess a capsule of fibrous connective 
tissue continuous with the epineurium of the afferent . 
and efferent nerve trunks. The interior of thegangKon 
IH subdivided into emaller or larger divisions, contain- - 
vith their perinearium, or larger — 
and amailer groups of ganglion _ 
cells. In the spinal ganglia^ 
these latter are generally d»- 
]>osed about the corlical part^ 
■whereas the centre of (is 
ganglia is chiefly occupied by 
bundles of nerve-fibres. 

320. The ganglion cellsdiSfer 
very greatly in size, sonae being 
as big, and bigger, than a large 
multipolar ganglion cell of the 
anterior horn of the cord, others 
much smaUer. Each cell has 
a large oval nucleus, including 
a network, with one or two 
large nucleoli Its substance 
shows a distinct fibrillation. 
Each cell of the ganglia in man 
and mammals is unijiotar (Ftg. 
94), flask or pear-shaped, and 
invested in a hyaline eapmk, 
Irned with a more or less con- 
tinuous layer of nucleated endo- 
thelial cell^plateg. The single 
process of the ganglion cell ii 
fi.nely and longitudinally stri- 
ated, and is an axis cyLiudi^r 
process. Immediately after 
leaving the cell body it ia madi 
convoluted (Retzius) ; then it gets invested in ■ 
mcduUary sheath — i.e., it becomes a meduHated nerve- 
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The capsule of the ganglion cell U contdnned 
e axis cyliuder process, and, farther on, on the 
lated nerve-fibre, as the neurilemma ; while the 
lelial plates of the capsule pass Into the nerve 
icles lining the neurilemma, their 
it greatly diminishing (Pig. 95). 

1. In the rabbit this medullated 
fibre at its first node of Bsjivier, 

is not at a great distance from 
inglion cell, divide into two me- 
ed nerve-fibres in the shape of a 
le branch is supposed by Ranvier 
as to tlie cord, the other to the 
lery. In man, this T-shaped 
>a liaa also been observed by 
IS, but it cannot be said witii 
ity that in rabbit or man 

axis cylinder process shows this 
pod division. Betzius observed 
f-shaped division also in the 
rian, geniculate, and vagus gan- 

le ganglion cells are not unipolar 
cerebral ganglia; in the ciliary 
ic ganglia there are a good many 
on cells which are multipolar. ^^ «l-aii i«- 

2, Numerous ganglia of micro- c^ot'i'sSi'nS 
sizes are to be found in the t^'""" °' 

axillary (salivary) gland ; they n,. un niu>^ 
if difierent sizes, and are in S^mi£^> 
T ganglionic enlargements of atii^^Tb.oi[mi« 

or smaUer nerve-bundles. Each j^gj,;' S* °t£ 
on is invested in connective ^|mi) '"^ 

continuous with the perineu- 
and the ganglion cells are unipolar, and of tlie 

nature as those described above, each being 
Bed of an axis cylinder process, which becomes 
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soon connected with a nerve-fibre. At the back:^ 
of the tongue there are similar Btuall microscopi<^ 



CHAPTER XX 



2S3 The sympathetic nerve-branches are of exact)/ 

the same nature m their connective tissue inveBtmen^ 
(epi- pen and endo-neui mm) and in the arrangemeDt 




of the fibres in bundles (Fig. 96, a), as the cerebro- 
spinal nerves. Most of the nerve-fibres in the bandies 
are non-medullated or Remak'a fibres (Fig. 96, b), each 



p. xx-i The SvMPATifF.Tic Sv^trm. 

Ijeing an axis cylinder inveated in a nenrileTnina, wiUb 
oblong nuclei indicative of nerve corpuscles. But therel 
are Bome medullated nerve-filjrea to be me 
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Fhg- D7. — A Fftoup of Giuielioa Cells interpowd in a tnmdle of Spinpa- 
Qietic Nerre-aLces ; from the BJuililer of & Kabbit. (ilBiidbouli.) 

■ each bnndle, at least, of the larger noTTe-tninka. 
These in some cases show the medullary eheath n 

less diacontinoouB, and with a varicose outline , 




(Fig. 96j o), owin^ to a uniform local accumulation of 
flnid between it and the axis cylinder. The small or 
microscopic bundles of nerve-fibres have an endothelial 
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Cpermeuml) sheath. The amall and laige biaacbes 
form always rich plexuses. 

224. In connectioii with the macroscopic and 
microscopic sympathetic Derve-br&nchea, aie gang- 
lionic enlargements. They occur in some organs very 
iiunieiously— e.y., alimentary canal, nrinary bladder 
. {Fig. 97 and Fig. 
98), respiratory or- 
gans — and are of 
all mzes, from a 
fev ganglion celli 
placed between, or 
laterally to. Ha 
nerre-fibree of a 
small bundle, to 
huge oval, spheri- 
cal, or irregularly- 

ganglion cells placed 
in the course of a 
large nerve-bundle, 
or situated at the 
point of anastomo- 
sis of two or more 
nerve-branches. 

Hie ganglion 
cells (fig. 99) are 
of T«ry different 
sizes, eacb possess- 
ing a large oval or 
spherical nucleus 
with one or two 
nucleolL Their 
Bbi-e!' "" shape ia spherical 
or oval, flask- 
pear-shaped ; they possess 
i processes, being nni-, bi-, 




shaped, clulv shaped, 
either one, two, or i 
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<3r mnlti-poUr. The cell is invested in a capsule lined 

■*ith nucleated cells, both being continued on the pro- 

^!«Be8 as neurilemma and nerve corpuscles reape-ctively. 

The processes of the ganglion cells are all axis 

cylinder proceaaea, and invested in the neunlemina, 

thus representing non-medul 

lated nerve-fibres. They do not 

become as a rule medullated 

225. In the frog (Beale 
Arnold) and also in some few 
instances in the mammal the 
sympathetic ganglion cell gives 
off one straight oxm cylinder 
process, into which the sub- 
stance of the ganglion cell is 
prolonged. This is entwmed 
by a tbin«ptr(i/_/£ire (Fig 100) 
taking its origin by two or 
more rootlets from the ganglion 
cell substance, and circling 
round the (thicker) straight 
axis cylinder process. A single 
neurilemma eusheathes them 
both. Soon the spiral fibre 
leaves the axis cylinder process, 
becoming invested with a 
medullary sheath and its own 
nenrilemma, thus forming a 
medullated fibre, whereas the 
straight axis cylinder continues 
its course as a non-medui lated 
nerve-fibre (Key and Betzius). 

226. The ganglia in connec- 
tion with the plexuses of nerve 
branches of the heart, the 
ganglia in the plexus of non-medullated nerve-fibres 
existing between the longitudinal and. cnt^Xax 0:1^ 
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of the external muscular coat in the alimentary canal, 
known as the plexus myentericus of Auerbach, the 
giinglia in the plexus of nerve branches of the sub- 




Fig. 101. — Pleros of fine Sympathetic Nerve-fibres, witli Gkinglionio 
Enlax^ements in the Nodal Points. From the Plexus of Meisaner 
in the Submucous Tissue of the Intestine. 

a, Fine nerve-fibres ; 6, groups of ganglion cells interposed between the 

nerve-flbres. 



mucous tissue in the alimentary canal, and known as 
Meissner's plexus (Fig. 101), the ganglia in the plexuses 
of nerve branches in the outer wall of the blsidder, in 
the bronchial wall, in the trachea, the ganglia in con- 
nection with the nerves supplying the ciliary muscle 
of the eye, &c., belong to tlie aynv^\)aa\Aft «:j%t««i. 
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CKg. lOSVof (a) tht a^mte 
dentine fanning iLf ical 
matrix of the vlKde 

tooth, tad «innm»lt¥»g 

the palp csTitT both of 
the CTxrwn anid bnes, 
tmd <e) the eewtaii, or 
cnista pebon, or sah- 
'etantia OBteoidea. This 
cement oovera the onteide 
of the dentine of the 
fang or fangs, in the 
same way as the enamel 
covers the dentine at the 
crown. The cnista pe- 
troea is covered on its 
ontaide by a dense fibrons 
tissne acting as a ptrioa- 
tffwm to it, and is fixed 
by it to the inner surface 
of the bone forming the 
■wall of the alveolar 

228. Tho enamel 
(Fig. 103} consists of 
thin microscopic pris- 
matic elements, the 
Ojamd prim, plwed ,;;^,„i„.„„,„.„,.™„ 
clor»1j, and extending in ;W5aST.'»Ji&ii!»SS"'- 
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a vertical direction from the surface to the dentine. 
When viewed in transverse section, the enamel prisms 
appear of an hexagonal outline, and separated by a very 
fine interstitial cement subata/nce. The outline of the 
enamel prisms is not straight, but wavy, so that the 
prisms appear varicose. The prisms are aggregated 
into bundles, which are not quite parallel, but more 
OT less slightly cover one another. On a longitudinal 
section through a tooth, the appearance o£ alternate 
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light and dark stripes in tiie enamel is thus produced. 
Besides this there are seen in the enamel dark hori- 
zontal curved lines, the brown parallel stripes of 
Betzius, probably due to inequalities in the density of 
the enamel prisms produced by the encceesive forma- 
tion of layers of the enamel The enamel consists 
chiefly of lime-salta ; ph(»phate, carbonate, and fluorat« 
of calcium. 

In young teeth the free surface of the enamel 
is covered with a delicate cuticle (the cuticle of 
Nasmyth), being a single layer of non-nucleated 
scales. In adult teeth this cuticle is wanting, hav- 
iiig been rubbed o£ 

229. Tiie dentine ia ^« eeaeaXits^ \|ai\> oi the hard 



substances of the tootk It forms a complebe invest-, 
ment of the pulp cavity of the crown aiid faiig, being 
slightly thicker in the 
former than iii the latter 
region. The dentine is 
composed of {Fig. 104) : 

(1) a homogeneous ma- 
trix; this ia a reticular 
tisane of fine fibrils im- 
pregnated with lime- 
salts, and thus resem- 
bles the matrix of bone ; 

(2) long fine canals, the 
dentinal canals or tubes 
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spiral manner, and ver- 
tically from the inner 
to the outer Biirfuce of 
the dentine. These tubes 
are branched; they open 
in the pulp cavity witli 
their broadest part, and 
become finer as they 
approach the outer sur- 
face of the dentine. 
Each canal is lined with 
a delicate sheath — the 
dentinal t/ieath. Inaido 
the tube is a fibre, the 
dentinai fibre, a solid 
elastic fibre originating 
■with its thickest part 
at the puip side of the 
dentine from cells lining 
the outer surface of the pulp, and called odimtoblaaH, % 
On the out«r surface of the dentine, both in thi I 
region of the enamel and crusta petroaa, the deatinal J 
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tubes posB into a layer of intercomaiuiiicating irregular 
branched spaces, the vnt&rglohidtur gpaeee of Czermak, 
or the granular layer of Purkmja These communicate 
with spaces existing between the bundles of enamel 
prisms of the crown, as well as with the bone lajniute 
of the onista potrosa of the fang. The interglobular 
spaces contain each a branched nucleated cell. The 
dentinal fibres anastomose with the processes of these 
cells. The ineremsrtial lines of Salter are lines more 
or less parallel to the surface, owing to iniperfeotl}' cal- 
cified dentine — the interghhular siibalanoe of Czeriaak. 
The lines of Selireger are curved lines parallel to the 
surface, and due to the optical effect of simultaneous 
cuTTatures of dentinal fibres. 

330, The cement is osseous substance, being 
lamellated bone matrix with bone corpuscles. These 
latter are larger than in ordinary bona 

231. The palp is richly supplied with blood-vessels, 
forming networks, and extending chiefly in a direction 
parallel to the long axis of the tooth. Numerous 
mediillated nerve-fibres forming plexuses are met 
with in the pulp tissue ; on the outer surface of the 
pulp they become non-meduilated fibres, and probably 
ascend in the dentinal tubes. The matrix of the 
pulp is fonned by a transparent network of richly 
branched cells, siinilar to the network of colls forming 
the matrix of gelatinous connective tissue. 

232. On the outer surface of the pulp— i.e., lie 
one in contact with the inn er surface of the dentine — 
is a layer of nucleated colls, which iire elongated, 
more or less columnar. These are the odmitobiasta 
proper. Between them are wedged in more or less 
apvndle-aJiaped nucleated cells, the outer or distal pro- 
cess of which passes into a dentinal fibre. The odoutO- 
blaats proper ai-e concerned in the production of the 
dentinal matrix, according to some by a coutiiiuoiis 
gi^OStb. of .tfae distal qr, outer part of the c " 
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a, petrification of this increment, according to others 
l>y a secretion by the cell of the dentinal matrix. 
^Valdeyer, Tomes, and others, consider the odontoblasts 
proper concerned in the production both of the dentinal 
matrix and dentinal fibres. The odontoblasts proper 
and the spindle-shaped cells are continuous with the 
branched cells of the pulp matrix. 

2 3 3. Development of teeth. — ^The first rudi- 
ment of a tooth in the embryo appears as early as the 
second month. It is a solid cylindrical prolongation of 
the stratified epithelium of the surface into the depth 
of the embryonal mucous membrane. Along the 
border of the jaws the epithelium appears thickened, 
and the subjacent mucous membrane forms there a 
depression — the primitwe dental groove. Into this 
groove the -solid cylindrical prolongation of the surface 
epithelium takes place. This prolongation represents 
the rudiment of the enamel orgam,. While con- 
tinuing to grow in the depth, it soon broadens at its 
deepest part, and the surrounding vascular mucous 
membrane condenses at the bottom of the prolongation 
as the rudiment of the tooth papilla. While the distal 
part of the enamel organ continues to grow towards the 
depth, it gradually embraces the tooth papilla in the 
shape of a cap — the enamel cap. During this time the 
connection between the surface epithelium and the 
enamel cap becomes greatly thinned out and pushed 
to one side, owing to the growth of the enamel 6ap and 
papilla taking place chiefly to one side of the original 
dental groove. 

234. The enamel cap (Fig. 105) is composed of 
three strata — an inner, middle, and outer stratum. 
The inner stratum is the layer of the enamel cells ; it 
is a layer of beautiful columnar epithelial cells ; they 
were originally continuous with the deep layer or the 
columnar cells of the surface epithelium. The middle 
stratum is tlie thickest and is oi gresA. \,T^x^«^%x<e^^^ > 
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owing to a tjunsformatioti of the midJle layer of the 
ep thpl al cells nto a "spongy gelat nous tissue, due lo 
acoumulat on of flu d betwoen tlie ep thelial oelli 
of tl s layer and to a reduction of ita substance 
to thin nucleated plates apparently branched. Th^ 




outer Htratum consists of one or more layers cj 
polyhedral cells, continuous with the deep layers cf 
cells of the epithelium of the surface of the %xaa. 
Outside the enamel cap ia the gelatinous TasculaT 
tissue of the mucous inemhraiie of the gum, 

535. The foital toot\\ ^apiUaia avascular embij* 
or gelatinous tissue', oa i^ ou^ht wv-dai^ ii.«(i- 
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densatdon of its cells is soon notioeable into a more or 
less continuous stratum of elongated or columnar cells, 
the odontoblasts. 

236. The dentine is formed in connection with 
Uie odontoblasts (Fig. 105) ; on its outside appears the 
enamel formed by the enam/d cells, i.e., I^e inner 
layer of the enamel organ. The dentine and enamel 
are deposited gradually, and in layers. At first they 
are soft tissues, showing a vertical differentiation 
corresponding to the individual cells of the enamel 
cells and odontoblasts respectively. Soon lime salts 
are deposited in it, at first imperfectly, but afterwards 
a perfect petrifaction takes place. The layer of most 
recently formed enamel and dentine is more or less 
distinctly marked off from the more advanced layer, 
the most recently formed layer of the enamel being 
situated next to the enamel cells, that of the dentine 
next to the odontoblasts. 

The milk tooth remains buried in the mucous 
membrane of the gum. When it breaks through, the 
enamel remains covered with — i,e., carries with it — 
the inner stratum of the enamel organ only, i,e,, the 
enamel cells (Fig. 105, h) ; these at tiie same time as 
the surface of the enamel increases become much 
flattened, and, finally losing their nuclei, are con- 
verted into a layer of transparent scales, the membrane 
or cuticle of Naxmyth. 

237. Long before the milk tooth breaks through 
the gum, there appears a solid cylindrical mass of 
epithelial cells extending into the depth from the 
connection between the enamel organ and the epithe- 
lium of the surface of the gum mentioned above. 
This epithelial outgrowth represents the germ for 
the enamel organ of the permanent tooth; but it 
remains stationary in its growth till the time arrives 
for the milk tooth to be supplanted by a permanent 
tooth. Then that rudiment undetgoei& e^xAie^iK^ ^^ 

M 
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same changes of growth as tiie enaiiiel organ of the 
milk tooth tiiii in the first period of fiEtal life. A 
new tooth is thus formed in the depth of the alveolar 
cavity of a milk tooth, and the growth of the former 
in size and towai'da th« surface gradually lifts the 
latter out of its socket. 
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338. The salivary glands, according to 
Btriicture and secretion, are of the following kinds :- 
(1) True eaiwa/ry {Fig. 106), geroue. or albuminous 




The Salivary Glands. 



glands Buoh a.s the parotid □( man and mammuls, 
the Bub-maiiUary and orbital of rabLit the Btib- 
maxillarj of the guinea pig They secrete true, thin, 
watery saliva " 

(2) Mueoua glands Buch as the sub-mavillary a 
orbital of cat and dog (Fig 107) the auh-lmgi 




lin, ■ 

7a«^^H 
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of cat, dog, rabbit, and guinea-pig, Tliey i 
thioldeb, less watery mncus. 

(3) Mixed Boiivarij, or miieosaUtxir^njhtndii, snchM 
the Gub-maxillary and sub-Hngual of man and ape. 

In addition to the three salivai-y glands^parotij 
sub-maxillary, and sub-lingual — there are in 
cases, as in the rabbit and the guinea-pig, two n 
additional glands, one intimately annexed t 
parotid and the other to the sub-iaaxillary, and of t 
nature of a mucous gland. These are the BupericK « 
inferior admajnllari/ glands. 
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239, The ft^mework-r-Each salivary gland 
is enveloped in a. tifaroua oonnective tissue capsule, 
in connection with which arw fibrous trabeculsB and 
septa in the interior of the gland, by which the Bub- 
stance of the latter is subdivided into lohex, these 
agaia into lobules, and these finally into the alveoli 
or acini. The duct, large vessels nnd nerves pass, 
to and from the gland by the hilnm. The con- 
nective tissue is of loose texture, contains elastic 
fibres, and, in gome instances mora, in otliers less, 
nnmerous lymphoid cella. In the sub-lingual gland 
tliey are so numerous that they form continuous rowB 
'letween the alveoli. The connective tissue matrix 
Itetween the alveoli is chiefly represented by line 
bundles of fibrous tissue, and branched connective 
tissTie corpuscles. 

240, Tbe dncts, — Following the chief duct of 
the gland through the hilum into the interior, we see 
that it divides into several great branches, according 
to the number of lobes; each of these breaks off 
into several branches, one for each lobule. Entering 
the lobule the duct has become very minute, and 
passing aloug it gives off laterally several minute ducts, 
ail within the lobule being the intralobular dueta, 
or the galivary tubes of Ffiuger, the bigger ducts 
being the inlerlohvZar, and, further, the interlobar 
ducU. Each of the latter consists of a limitdsg 
memhrana propria, strengthened, according to tie 
size of the duct, by thicker or thinner trabecul» of 
connective tisaua In the chief branches there ia pre- 
sent in addition non-atriped muscular tissua The 
interior of the duct is a. cavity lined with a layer of 
colnmnar epithelial cells. In tlie largest branches there 
is, outside this layer and in-nide the membiana propria 
a layer of small polyhedral oells. 

241, The tntnUobnIar ducts, or the sa1iv»T]r 
tabes of Pfluger, consist of a limiting nmmbrani 
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propria^ with a single layer of columnar epithelial cells. 
Each of theae has a spherical nucleus in about the 
middle ; the outer half of the cell substance shows very 
marked longitudinal striation, due to more or less coarse 
fibrillcB (see Eig. 106). The inner half, i,e,, the one 
bordering the lumen of the duct, is only very faintly 
striated. The outline of these salivary tubes is never 
smooth, but irregular, hence the diameter of the tube 
varies from place to place. 

Not in all salivary glands do the epithelial cells 
of the intralobular ducts show this coarse fibrillation 
in the outer part of their substance ; e.g., it is not 
present in the sub-lingual gland of the dog and guinea- 

pig- 

242. The ends of the branches of the salivary 

tubes are connected with the secreting parts of the 
lobule, t.e., the acini or alveoli These always vevy 
conspicuously differ in structure from the salivaty 
tubes, and, as a rule, are larger in diameter. That 
part of the duct which is in immediate connection with 
the alveoli is the interpiediary paH, this being inter- 
posed, as it were, between the alveoli and the salivary 
tube with fibrillated epithelium. The intermediary part 
is much narrower than the salivary tube, and is lined 
with a single layer of very flattened epithelial cells, 
each with a single oval nucleus ; the boundary is 
formed by the membrana propria, continued from the 
salivary tube. The lumen of the intermediary part is 
much smaller than that of the salivary tube, and is 
generally lined with a fine hyaline membrane, with 
here and there an oblong nucleus in it. 

At the point of transition of the salivary tube 
into the intermediary part there is generally a sudden 
diminution in size of the former, and the columnar 
cells of the salivary tube are replaced by polyhedral 
cells ; this is the neck of the intermediary part. In 
some salivary glands, especially in the mucous, this 
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neck is the only portion of the intermediary part 
present, e.g., in the sub-imLxillary and orbital glands 
of dog and cat, and in the sub-lingual of the rabbit. 
In otliera, especially in the serous salivary glands, as 
in the parotid of man and mammals, sub-maxillary of 
rabbit cmd giiinea-pig, and in the mixed salivary — 
e.g., sub-maxillary aud sub-lingual of mas and ape — 
there exists after the neck a long intermediary part, 
which gives off aeverid shorter or longer branches of 
the same kind, all of wliich terminute in alveolL 

243. The alveoli or acini are the essential 
or Bocreting piirt of the gland ; they are flask-ahaped, 
club-shaped, shorter or longer cylindrical tubes, more 
or leas wavy, or if long, more or less convoluted ; 
many of them are branched. Generally aeveral open 
into the same intermediary part of a aaUvary tube. 
The alveoli are much larger in diameter than the 
intermediaiy part, and slightly larger, or about as 
large, as the intralobular ducts. But there is a 
diflerence in this respect between the alveoli of a 
sei'ous and a mucous saJivary gland ; in the former 
the alveoli are smaUer than in the latter. 

The merabrana pi"opria of the intermediary duct 
Lb continued as the membrana propria of the alveoE 
This is a reticulated structure, being in reality a basket- 
shaped network of hyaline branched nucleated oolb 
(Boll). The lumen of the alveoli is very minute in 
the serous, but is considerably larger in the 
glands ; it is in both glands smaller during s 
than during resc. 

244, The epithelial cells lining the alveoli tm 
called the ialivary cells — they are of different 
characters in the difierent salivary glands, and cjii^j 
determine the nature of the gland. The cells we 
separated from one another by a fluid albuminous 

cement substance. (I) In the serous or true salivi 
glands, as parotid of u\an imi n\a.QwvuiliRiKo.Vm 
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of rablttt and guinea-pig, the salivary cells form a 
single layer of shorter or longer columnar or pyra- 
midal aibuminoug eellsj composed of a densely reticu- 
lated protoplasm, and containing a spherical nucleus in 
the outer part of the oelL (2) In the mucous glands, 
such as the sub-lingual of the guinea-pig, or the 
admaxillary of the same animal, the cells lining the 
alveoli form a single layer of goblet-shaped mtteous 
eeUs, sudi as have been described in par. 25. Each 
cell consists ci an inner (Hrincipal part, composed of a 
transparent mucoid substance (contained in a wide- 
meshed reticulum of the protoplasm), and an outer 
small, more opaque part» containing a compressed and 
flattened nucleus This part is d^wn out in a fine 
extremity, which, being curved in a direction parallel 
to the sur&Lce of the alveolus, is imbricated on its 
neighbours. 

245. In the case of the sub-maxillary and orbital 
glands of the dog, the sub-lingual of rabbit, there exists 
in addition to, and outside of the mticotis cells lining 
the alveoli, but within the membrana propria, from 
place to place crescentic masses, being the demilv/nea 
of Heidenhain, or the crescents of Gianuzzi (see Fig. 
107). £adi is composed of several polyhedral granu- 
lar-looking cells, each with a spherical nucleus; the 
cells at the margin of the crescent are of course 
thinner than those forming the middle. Heiden- 
hain and his pupils, Lavdovski and others, have 
shown that, during prolonged exhausting stimula- 
tion of the sub-maxillary and orbital of the dog, 
all the lining cylindrical mucotis cells become re- 
placed by small polyhedral cells, similar to those 
constituting the crescents, while at the same time 
the alveoli become smaller (Fig. 108). These ob- 
servers maintain that this diange is due to a total 
destruction of the mucous cells, and a replacement 
of them by new ones, derived \>y T£k^\iv^<(»^k^\^^ 
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from the cificent cells, T! is la i proliablu aincp 
<luimg ordinary conditiouB ot secretions tl ere is no 
disappearance of tbe iquimius cells as Back they change 




converted into 
perfect raucafi 
It IS ptohable 
that on pro- 
longed exhaus- 
tive stunuia 
tion themucous 
elk collapsn 
nt } the small 
cells seen hy 
Heideuhain and 

I* iiuv"i alveoli of thp 

suh-!ingual of 
the dog are again differeatin structure both from those 
of the sub-maxillary of tlie dog and of the sub-lingaal 
of guinea-pig, for the alveoli are thei* lined eithw 
with mucous cells or with columnar albuminous 
cells, or the two kinds of cells follow one another 
in the same alveiilus. 

This gland is a sort of intermediate form be- 
tween the sub-lingual of man and the sub-maxiUary 
of man and ape, i.e., the mixed or muco-saliviuy 
glands. In these the great number of alveoli are 
serous, i.e., small, with small lumen, and lined witi 
albuminous cells, whereas there are always present 

a few Alveoli exactly lite those of a muiwus gland. 

The two tinds of alveoli are in iu.-e^ cijTi'srai'\\\.'j ^lith 
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one another. In aome conditions there are only very 
fev muoouB alveoli to be met with within the lobule, 
so few Bometiinee tJiat they seem to be alt^^ther 
absent j m others they lire numerous, bnt even under 
most favourable conditions fonn only a fraction of the 
number iA the suoub alveoli In the sub-lingual of 
man they are much more frequoit, and for this reason 
this gland posseasee a great resemblance to the sub- 
lingual of Uie dog. 

What appear to be crescents in the mucous alveoli 




of tlie human gland are an oblique view of albuminous 
cells lining the alveoli at the transition between the 
muoous and serous part of the same gland-tube. 

247. The columnar salivary cells lining the alveoli 
of the sub-maxillary of tha guinea-pig in some condi- 
tions show two distinct portions, ati outer homogeneous 
or slightly and longitudinally striated substance, and 
an inner, more transparent, granular-looking part, and 
in this respect the cells resemble those of the pancreas. 
(See a future chapter.) 

Langley has shown (Fig. 109) that during the 
period preparatory to secretion the cells lining the 
alveoli of the Berous salivary glands become e-riuMi^ftL 
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and filled with coarae granules ; duriug secretion 
tliese granules become nsed up, so that the ceil- 
substance grows more transparent, beginning from the 
outer part of the cell and gradually progressing to- 
wards the lumen of the alveoJus, 

348, Blood-vesselH and Ij'mptaatics.—The 
lobules are richly supplied witJi blood-veasels. The 
arteries break up into numerous capillaries, which 
with theii' dense networks surround and entwine tiie 
alvedi. Between the interalveolar connective tiosne 
carrying the caplOary blood-vessels a,nd the membranA 
propria of the alveoli exist lymph xpaeeg Burrounding 
the greater part of the circumference of the alveoli 
and forming an intercommunicating system of spaces. 
They open into lymphatic iseaaeh accompanying the 
intralobular ducts, or at the margin of the lobule 
directly empty themselves into the interlobular 
lymphatics. The connective tissue between the lobes 
contains rich plexuses of lymphatics. 

249. The nerre-branclies form plexuses in 
the interlobular tissue. In connection with them are 
larger or smaller ganglia. They are very numerously 
met with in the sub-maxillary, but are absent in the 
parotid. Some ganglia are present ia connection with 
the nerve-branches surrounding the chief duct of tha 
sub-lingual gland. 

Piliiger maintains that the ultimate nerve-tibres 
are connected with the salivary cells of the alveoli 
in man and mammals, but thid remains to be proved. 
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CHAPTER XXin. 

THE MOUTH, PHARYKX, AND TONGUE. 

250. Tbe BlaiidB.— Into the 

mouth and pharynx open very 

glands, which, as regards structure and secretion, are ■ 
either serous or mucous. The latter occur in the 
depth of the mucous membrane covering the lips of the 
niouth, in the buccal mucous membrane, in that of the 
hard palate, and especially in that of the soft palate 
and the uvula, in the depth o£ the mucous membrane 
of the tonsils, at the back of the tongue, and in tlie 
mucous membrane of the pharyiix. The serous glands 
are found in the back of the tongue, in close proximity 
to the parts containing the special organs for the 
perception of taste — the taste goblets or buds {aee 
below.) All glands are of very minute size, but 
when isolated they are perceptible to the unaided eye 
as minute whitish specks, as big as a pin's head, or 
bigger. The lai^est are in the lips, at the back of 
the tongue and soft palate, where there is something 
like a grouping of the alveoli around the small branches 
of the duct, so as to form little lobules. 

251. The chief duct generaUy opens with a narrow 
mouth on the free surface of the oral cavity ; it 
passes in a vertical or oblique direction through the 
superficial part of the mucous membrane. In the 
deeper, looser part (submucous tissue) it branches 
in two or more small ducts, which take up a number 
of alveoli. Of course, on the number of minute ducts 
and alveoli depends the size of the gland. 

In man, all daote are lined with a single layer of 
columnar epithelial cells, longer in the larger than 
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ill the smaller ducts; in maminals, the epithelium 
is B. single layer of polyhedral cells, No fibrillation 
is noticeable in the epithelial cellfi. At the tranaition 
of the terminal ducte into the alveoli there is occasion- 
ally a Blight enlargement, called the tTi/undibuliim; 
here the granular- 
looking epithelial 
nells of the dnct 
change into the 
columnar transparent 
mucous cells lining 
the alveoli. 

252. The ^vedi 
of these glands are 
identical witli those 
of the mucous glands 
described above (fig. 
110) — e.g., the sub- 
lingual gland, as re- 
gards size, tubular 
branched nature, the 
lining epithelium, and 

In some instances 
(as in the soft palate 
and tongue) the duct 
near the opening is 
'■^erc!oMribfs[iiwnn^'wiib^i'™Jp^ lined with ciliated 
pojjiitdnii wui. {AiiM.]' columnar epithelium. 

The stratified epithe- 
lium of the surface is generally continued a short dis- 
tance into the mouth of the duct. 

263. The serous {[lands at the root of the 
tongue (von Ebner) differ from the mucous chiefly 
in the size, epithelium, and lumen of the alveolL 
These are of exactly the same nature and structuN 
as those of the serous or true salivary glands. 
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Saltvm obtained finmi the moath oQntains nniii- 

^rs of epithftljjj scales, detadied from the soiface 

of the mucoDS meml»aiiey groape of bacteria and 

5^crooocci, and lymph coipaBGJe& Some of these are 

-^ a state of dinntegratioin, while others are swollen 

Xjp by the water of the saliva. In these there are 

^^ontained numbers of grannies in rapid oscillation, 

^^ed Brownian nK^ecahur movements 

^)f the mouth is a thin m^brane covered on its free 
^^rfaoe with a thick stratified pavement epithelium, 
t}he most superficial cells being scales, more or less 
liomified. 

Underneath the epithelium is a somewhat dense 
:feltwork of fibrous connective tissue, with numerous 
^ilastio fibrils in networks. This part is the mucosa, 
and it px>ject8 into the epithelium in the shape of 
cylindrical or conical papilla. 

According to the thickness of the epithelium, the 
papillae differ in length. The longest are found where 
the epithelium is thickest — •e.y., in the mucosa of the 
lips, soft palate, and uvula. 

Numerous lymph corpuscles are found in the 
mucosa of the palate and uvula. Sometimes they 
amount to diffose adenoid tissue. The deeper part of 
the mucous membrane is the svJbmibcosa. It is looser in 
its texture, but it is also composed of fibrous connec- 
tive tissue with elastic fibrils. The glands are here 
embedded ; fat tissue in the shape of groups of fat 
cells up to continuous lobules of fat cells are here to 
be met with. The large vascular and nervous, trunks 
pass to and from the submucosa. 

255. Striped museiilar tissue is found in the 
submucosa. Of the lips, soft palate, uvula, and pala- 
tine arches, it forms a very conspicuous portion — 
e»g., musculus sphincter orbicularis, with its outrunners 
into the mucous membrane of the Iv^, t\v<^ wwx^^sk ^\ 
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the palate, uvula (levator and tensor palati), and tlie 
arcua, palato-pharyngeus, and palato-glossus. 

256. The last branches of the arteriM break up ia 
a dense eapiUary network on the surface of the mucosa, 
and from it loops ascend into the papillee. Of 
course, fat tissue, glands, and muscular tissue re- 
ceive their own supply. There is a very ridi pltama 
of aeint in the superticiaJ part of the mucosa. They are 
GonBpiouous by their size and the thinness of their w&ll. 

The lymphatics form networks in all layers of the 
mucosa, including the papillse. The large eiTetent 
trunks are situated in the submncosa. The last 
outrunners of the -nerve branches form a plesyua of •mm' 
wedii.llaiedfhrea in the Buperflcial layer of the miioosa, 
whence numerous jtrvinitime ffmilm ascend into the 
epithelium to form networks. Meissner's tactile co«^ 
puBcles have been found in the papillte of the lips and 
in those of the tongue. 

257. In the ptiaryiix the relations remain the 
same, except in the upper or nasal part, where 
we find numerous places covered with columnar 
ciliated epithelium. As in the palatine tonsils so 
also here, the mucosa is infiltrated with diffiue 
adenoid tissue, and with lymph foLUcies in great 
numbers. This forms the pharynx tomil of Luschka 

In the palatine tonsil and in the pharynx tonsil 
there are numerous crypts leading from the sax- 
face into the depth. This is due to the folding of 
the infiltrated mucosa. Such crypts are, in thn 
pharynx, sometimes lined all through with ctlmted epi- 
thelium, although the parts of the free surface around 
them are covered with stratified pavement epithelium. 

258. Tbe tongue is a fold of the mueooa 
membrane. Its bulk is made up of striped mnsonlsr 
tissue (genio-, hyo-, and stylo-glossus ; aooording W i 

direction : longitudinalis superior and inferior, 
transversMS linguss), Tbe \ov;eT awrtacft v 
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■with a delicate mucous membrane, identical in atruo- 
ture with that lining the rest of the oral cavity, 
whereas the upper part is covered with a mem- 
bi-ane, of wliich the mucosa projects over the fi-ee 
surfiice CIS exceedingly numerous fine and short hair- 
like processes, the papilltejili/ormeg, or as less nume- 
rous isolated somewhat longer and broader mushrooui- 
shaped papilla fungi/cremis. The papillce, as well as 
the pita between them, are covered with stratified 
pavement epithelium. Each has numbers of minute 
secondary papillse. Their substance, like the mucous 
membrane of the tongue, is ma^e up of fibrous ■ 
connective tissue. This is firmly and intimately I 
connected with the fibrous tissue forming the septa 
l)etween the muscular bundles of the deeper tissue. 
The mucous membrane is on the whole thin. It 
costains large vascular trunks, amongst which the 
plexus of veins is very conspicuous. On the surface 
of the mucoaft is a rich network of capillary blood- 
vessels, extending as complex loops into the papills. 
Lymphatics form rich plexuses in the mucosa and 
in the deep muscular tissue. Fat tissue is common 
between the m.usGular bundles, especially at the back 
of the tongue. 

259. There are two varieties of glands present 
in the tongue, the mucous and serous. The latter 
occur only at the back, and in the immediate 
neighbourhood of the taste organs ; the raucous 
glands are chiefly present at the back ; but in 
the human tongue there are small mucous glands 
(glands of Nuhn) in the tip. All the glands at 
the back are embedded between the bundles of 
striped muscular tis-^ue, and thus the movements 
of the tongue have the efieet of squeezing out the 
secretion of the glands. Near and about the glands 
numerous nerve bundles are found connected with 
minute ganglia, 
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1 knob-iike or fold like proramences of the 
mucoEa are pi-oduced. There are also minute pita or 
oiypts leading into the depth of these prominenceB. 

260. The paplllic clrcnmvaUatie (Fig. lU) 
are large papillae fiingiformes, each surrounded by afold 
of Llie mnoasa. Thuy contain taste goblete or bud^^H 
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i.e, the terminal tast* organs. At tho margin of tbf 
tougne, in the region of the circvira vallate papilloj 
there are always a few permanent folds, which b" 
contain taste goblets. In some domestic ruiin: 
these folds assume a definite organisation — e.g., in 
nbbit there is an oval or circular organ oompoaed e 
numbers of parallel and permanent folds, papUltf^ 
/oiiaUe. The papillie fungiformes of the rest of the 
tongue aJw) contain in some places a taste goblet But 
most of the tante goblets are found on the papillee cir^ 
cumvallaite and foliatce. la both kinds of structures 
the teste goblets are placed in several i-ows close round 
the bottiwi of the pit, Heparatiog, in the pnpitlte 
circTitDvallatie, tlie papill« fungiformes from Uie fold 
of the mucosa surrounding 
it : in the papillfe foliata; 
the pits are represented by 
groves separating the indi- 
vidual folds from one 
another. 

361. The taste gob- 
lets or lasle bads are 
barrel-shaped etructiires 
(Fig. 112), extending in a 
vertical direction through 
the epithelium, from the 
free surface to the mucosa. 
Each is composed of a 
layer of flattened epthelial 
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direction of the goblet, t 

forming its cover ; these g, -phe !>»«,■ n( itp i^Me 

are the tegmental eelh. ""lESam ^i^rSJ 

The interior of the goblet 

is made np of a bundle of spindle-shaped c 

shaped InaU cellt. Each includes an oval nucleuj 

and is drawn out into an outer BJid m\ yk 
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extremity, The fonner extends to the free surface, 
projecting just through an opening of the goblet, 
and resembles a iine hair ; the latter is generally 
branched, and passes towards the mucosa ; there, 
probably, it becomes connected with a nerve-fibre, the 
mucosa of these parta containing rich plexuses of 
nerve-fibres. 

Into the pita Burrounded by taste goblets open the 
ducta of the serous glands only (von Ebner), 
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TUB (E90PHAOU8 AND STOMACH. 

263. I. The aesopliagnB. — Beginning with the 
(esophagus, and ending with the rectum of the largo 
intestine, the wall of the alinientai^ caoai contusta of 
an inner coat or mucous membrane, an outer or mus- 
cular coat, and outside this a thin iibrous coat, wfaioh, 
commencing with the cardia of the stomach, ia tjie 
serous covering, or the visceral peritoneum. 

The epithelium lining the inner or free surface of 
the mucous membrane of the ccsopbagus is a thick, 
stratified, pavement epithelium. 

In Batrachia, not only the oral cavity aiid 
pharynx, but also the (esophagus, are lined wilii 
ciliated columnar epithelium. 

The mucous membrane is a fibrous conaeQtive 
tissue membrane, the superficial part of whicb b 
nucoia; tbis projects, in the shape i^ 
small papillse, into the epithelium. 

The deeper, looser portion of tlie mucous membranS 

xoaa ; in it lie small mucous glanda, thi 

dacts of which pass in a vertical ot oblique direction 
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tlirongh the mucosa, in order to open on the free sur- 
face. In mao, tJietia ^ands are relatively scarce ; in 
carnivorous atiunalB (dog cat) thej form an almoet 
ccoiUnuouB layer (Fig 113). 

263 Between the mucosa and aubmucoea are 
longiludinal bundles of non-btnped muscular tissue. 




A.t the beginning of the ffisophagus th^ are absent, 
but soon make their appearance — at first aa small 
bundles sepanUod from one another by masses of con- 
nective tiBsuB ; but lower down, abisut the middle, 
they form a continuous stratum of longitudinal 
bundles. This is the mcMCuIorM mucosae. 
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Outside the submucosa is tlie muscularis externa. 
Tliia conaists ot" a thicker inner circular and an outer 
thinner longitudinal coat. And outside this is the outer, 
or limiting, fibrous coat of the tEsophagus. In man, 
the outer muscular cost consists of non-striped musou- 
lar tissue, except at the beginning (about the upper 
third, or less) of the cesophagus, which is corapcwed 
of the striped variety ; but in many mammals almost 
tlie 'whole of the extemaJ muscular coat, except the 
part nearest the cardia, is made up of striped fibres. 

264 The large vessels pass into the submucosa, 
whence their finer branches pass to the surface parts. 
The superficial part o£ the mucosa and the papillge 
contain the capillary networks. The outer muscular 
coat and the muscularis mucoste have their own 
\'ascular supply. 

There is a rick plexns of lymphatics in the mucosa, 
and this leads to a plexus of larger vessels in the sub- 
mucosa (Teichmonn), The nerves form rich plexuses 
in the outer fibrous coat ; these plexuses include 
numerous ganglia. A second plexus of non-roedullated 
fibres lies between the longitudinal and circular mos- 
cular coat ; a few ganglia are connected with this 
plexus. In the submucosa are also plexuses of non- 
medullated fibres. Now and then a small ganglion iB 
connected also with this plexus. 

265. II, The stomacfa. — Beginning with the 
cnrdia, the mucous metubrane of the stomach is covered 
with a single layer (^ beautiful thin columnar epithelial 
cells, most of which are mucus-secreting goblet cells. 
On the surface of the mucous membrane of the stomach 
open numerous fine ducts of gtand^, placed very closely 
side by side. These extend, more or less vertically, u 
minute tubes, into the depth of the mucous membranei 
In the pyloric end, where the mucous membrane 
presents a pale aspect, the glands are called the pylotie 
alands; in the rest ot tte stam'wiV, -whose miicona 
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membrane presents a reddish or red-brown appear- 
ance, they are called the peptic glands. Owing 
to the very numerous fine ducts opening on the 
surface of the mucous membrane, the tissue of this 
latter appears on a vertical section to be made up 
of thinner or thicker folds, or villi — plicae villosse. 
But they are not real villi 

The part of the mucous membrane containing 
the glands is the mucosa ; outside this is a loose con- 
nective tissue containing the large vessels — ^this is 
the 8uhmv>co8a. Between the two, but belonging 
to the mucosa^ is the muacularU mucosce, a thick 
stratum of bundles of non-striped muscular tissue, 
arranged in most parts of the stomach as an inner 
circular and an outer longitudinal layer. The tissue 
of the mucosa is dense, owing to its containing, 
placed closely side by side, the gland tubes. Be- 
tween them is a delicate connective tissue, in which 
the minute capillary blood-vessels pass in a direction 
vertical to the surface. Numerous small bundles 
of non-striped muscular fibres pass from the mus- 
cularis mucosse towards the surface — ^up to near the 
epithelium of the surface — forming longitudinal mus- 
cular sheaths, as it were, around the gland tubes. 

The plicae villosse of the superficial part of the 
mucosa contain fibrous connective tissue and numerous 
lymphoid cells. 

266. The peptic glands (Fig. 114) are more or less 
wavy tubes, extending down to the muscularis mucosae. 
The deep part is broader than the rest, and is more 
or less curved, seldom branched. This is the fundus of 
the gland; near the surface of the mucosa is the 
thinnest part of the tube ; this is the neck. Two 
or three neighbouring glands join and open into 
the short cylindrical diict mentioned above. The 
duct is lined with a layer of columnar epithe- 
lial cells, continuous and identical ^itlv ^o^<^ q>1 NiXv.^ 
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free surface of the niucoue membrane. The cavity 
the duot ia continued as a very fine canni into t%. 
, nectc and through the rest of t!ie gland tube. 





Fiff. 114.— Peptit Glauds 

to the lumen ia a continuous single layer of more M 

' tmnsparent, gi'anula.r-looking, epithelial celb^ 

ench with a reticulated protop\asTO awA a. s(iherical or 

Blightly oi'ul iiuoleua. In tWe uetV \N\esK t;^'* «» 
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polyhedral, but farther downwards increase to cylin- 
drical cells, and in the fundus of the gland tube they 
are loDg columnar. TIiIb layer of cells bordering the 
loinen ia the layer of chief 
caHs (Heidenhain.) Outside 
them ia the limiting mem- 
brana propria of the gland 
tube. But from place to 
place, between the meni- 
brana propria and the chief 
celiE, are eingle oval sphe- 
rical or angular lajge 
gitinular and opaque-look- 
ing cells, called the parktnl 
cells (Heideiihaiji). These 
are more numerous in the 
neck than in any otlier *■ ^, 

part of the gland ; at the f 

fundus tliey are few and h''-- ' 

far between, wliereas at '"'. . . 
the neck they form almost '; 

ft continuous layer. Their 1^ ', 

protoplasm is densely reti- i-'^- -. ■ ^ 

culated. :-rrV 

267. The pyloric ""^V 
Kliunds (Fig: 115).— The ^^^^^J^^^ 

duel oi each pyloric gland Fie. us— From iVerticnlSactipn 

is aereral times longer tlian ^^b"* p^i^ic'^^'^^^l 

in the peptic. The duct of stomaob. 

the former occupies in '■g'ISd,7'JfS"ii.ir'ww"'™?i)."S 

half of the thickness of the 

mucosa, whereas that of the latter does not exceed 
in the fundus of the stomach or in the cardia, more 
than one-fourth or one-fifth of the thickness. 

The epithelium lining the duct of the pyloric 
glands is the same as in that of the peptic. Each 
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duct takea up two or three tubes by their short, 
narrow, thin insck. The main part of each gland tube 
u convoluted and slightly branched. The neok is lined 
with a layer of polyhedral cells, whereas tbe gland 
tube has r, lining of columnar transparent cells, and 
its lumen is very conspicuous. 

During exhuu^tion these celts are saiaJler and less 
transparent than during secretion. Their pi'otopla£in. 
in the former state is a denser reticulum tlian in the 
latter, the transparent interstitial substance iu the 
meabes of the cell reticulum being increased in amount 
during secretion. 

The cells are sei'ous, not mucous, and the se- 
cretion of the glands cannot therefore be mucous. 
According to Ebstein the secretion is pepsin, and 
so he and Heidenhain consider the pyloric glands 

*mple peptic glands. But this view is not generally 



Between the mucous membrane with peptic 
glands and the pyloric end of the stomach with 
pyloric glands there is a narrow vnlsiin&diary zone, 

in which the peptic glands appear by degrees to 
mei^e into the pyloric glands. That is, the short duct 
of the former gradually elongates, the gland tiibea 
get shorter in proportion and convoluted, their 
lumen gradually enlarges, and the parietal cells 
become fewer and ultimately disappear, 

268. The mucosa contains isolated lyinpk JhUicUt, 
glandulre lenticularea, and in the pyloric part also 
groups of these — glandulse agminatte. 

The subraucosa is of very loose texture, and enabloe 
the mucosa to become easily folded in all directions, 

The muicular coat is very thick, and consists of 

an outer longitudinal and an inner thicker circular 

stratum of non-striped muscular tissue. Numerous 

oblique bundles ara found in the inner section of ths^ , 

I circular stratum. " 
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The gland tubes are ensheathed in a longitudinal 
network of capillary blood-vessels derived from arteries 
of the submucosa. This network forms on the surface 
a special dense horizontal layer, from which the venous 
branches are derived. The outer ouiscular coat and the 
muscularis muoosse possess their own vascular supply. 

269. The lymphatics form a network in the 
mucosa near the fundus of the glands. Into this 
plexus lead lymphatics running longitudinally between 
the glands anastomosing with one another freely, and 
extending to near the surface (Lov^n). Another 
plexus b^ongs to the submucosa. 

Between the longitudinal and circular stratum of 
the outer muscular coat^ and extending parallel to the 
surface, is a i^exus of non-medullated nerve-branches 
with a iew ganglia in its nodes. This corresponds to the 
plexus of Avierhach of the intestine, and is destined 
for the outer muscular coat. A second plexus of non- 
medullated nerve-branches with ganglia also extending 
parallel to the surface lies in the submucosa. This cor- 
responds to the pleUous ofMeissTier of the intestine, and 
is destined for the muscularis mucosae and the mucosa. 

According to Sabe, the gastric gland tubes in the 
horse are surroimded by a rich plexus of nerve-fibres, 
terminating in pecidiar spindle-shaped cells. 



CHAPTER XXV. 

THE SMALL AND LARGE INTESTINE. 

270. The epithelium covering the inner or free 
surface of the mucous membrane of the small and 
large intestine is a single layer of columnar cells, their 
protoplasm more or less distinctly longitudinally fibril- 
lated ; their free surface appears covert ^^inl^^ ^ 
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verticalty and 
finely alnatKd 
hagilar border. 
Many cells are 
goblet cells. 
Underneath the 
eiiithelinm is a 
I a Loasitadiii&l Beotioii tiiTODgh ^^eiaent meai- 
brane, the sub- 
epithelial endo- 
thelium of De- 
bove(seopar.39). 




a. Villiu of the Small Intesliae. 



Am in the stomach, so also 
in the amaU and large intes- 
tine, the mucosa is connected 
witii the outer muscular coat 
by a loose-textured fibrous eub- 
mucota, in which lie the large 
vascular trunks, and in many 
places larger or smaller groups 
of fat cells and lymph cor- 
puscles. Between the mticosa 
and submucDsa, but belonging 
to the former, is a layer of 
non-atriped m oscular tissue, 
the rnvsindaris muoonce. This 
is in many places composed of 
inner circular and outer longi- 
tudinal bundles, but there are 
a good many places, especially 
in the small intestine, where 
only a layer of longitudinal 
bundles can be made out. 

The tissue of the mucosa is 
similar in structure to adenoid "; 
timue (Fig. 11%), consisting of 



ivticular i 



with flat- 
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leatd large nucleated endotheloid cells an<I num^roi^ 
Biualler lymph corpoacles. The mucosa of the sn 
and large intestine conteins Bimpie gland tulies, 
erypU &r follicka of Lieberlaifm (Fig. U7) ; tM 
are placed Tertically and cloeely side by side, < 




ing from the free Enrface, where they open, to 
iiiuscularis nmcoase. These glands possess a large 
lumen, and are lined with a single layer of colaranar 
epithelial cells, many of thcni goblet oellB. 

271 , In the small intestine the tissue of thi 
mucosa projects beyond the general surface 
shape of very numeroiis fine, longer or shorter, cyli 
drical. conical or leaf-sbapod villi (Fig. 118). " 
we, of courae, cor-ei-ed with the coVvinwvwt c^\lOn€^w 
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of the general aui'iace, and their tissue is the same sh 
that of the niaoosa — i.e,, adenoid tissue — with the 
addition of : (n) One ov two oentral wide chyle {lymph) 
vessels (see Fig. 120), their wall being a single layer 
of endothelial plates. (6) Along these chyle vesseU 
are longitudinal bundles of non-striped muscular tissue, 
extending from the base to the apex of the villus, 
terminating in connection with the cells of the base- 
ment membrane — %.«., the subepithelial endothetium. 
(c) A network of 
capillary blood- 
vessels extending 
over the whole oE 
the villus close to 
the epithelium of 
the surface (Fig. 
119). Tliis capil- 
lary network de- 
rivea its blood 
from an artery in 
about the middle 
upper part of 
li" thevillua Twove- 
nous vessel a carry 
away the blood 
from the villus. 
The Iiieberkvihn's crypts open between the baaea of 
the villi 

At the sides of the villi of the small intestine, 
and at the sides of the plicte villosaa of the stomach 
(see a former chapter), there exist amongst the epithe- 
lium of the surface peculiar goblet-ahaped groups of 
epithelial cells, which, as Watney has shown, are due 
to local multiplication of the epithelial cells. 

272. Lymph follicles occur singly in the submucosa, 
and extend with their inner part or summit through. 
the muGcularis mucosie into the mucosa to near t^^ 
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internal free snrEace of the latter (Kg. 120). These 
are the toUbuy UfmpkfoUide* of the small and Isi^ 
jntestane; in the latter iktef are bLiger than in the 

Agminated ^andi, or Peyet't gland*, ate larger or 
smaller groopa of Ijmph follicles, more or less fused 




with one another, and situated with their main part 
in the submucosa, but extending with their summit 
to the epithelium of the &ee sui&ce of the mnoosa. 
In tiie lower part of the ileum these Peyer's glands 
are very numerous. The epithelium covering the 
summits of these lymph, follicles is invaded by, ajul 
more or leas replaced by, the lymph «iT^"awX«» "A ■fioa 




adenoid tissue of the follielea (Watnej), 

what is the CHse in the tonaila (see par. 124). 

The outer muscuJar coat conBists of an inner thicker 
cii-cular and an outer thinner longitudinal stratum of 
□on striped muscular tiBSua 

In the large intestine, in the " ligamenta," only 
the longitudinal layer is present, and is much thickened. 

373. The blood-veasels form separate aystems of 
capillaries for the serous covering, for the outer mus' 
cular coat, for the muscularia mucoEie, and the richest 
of all for the mucosa with its Lieberkiihn'a crypts. 
The capillary network of the villi is connected with 
that of the rest of the mucoate. 

The chyle veBsel, or vessels of the villi, commence 
with a blind eictremity near the apex of the viUi. 
At the base the chyle vessel becomes narrower, and 
empties itself into a plexus of lymphatic vessels and 
sinuses belonging to the mucosa, aiid situated between 
the cryptH of Lieberkiihn (Fig. 120). This network b 
the saiae both in the small and large intestine, as 
is also that of the lymphatics of the submucosa with 
which the former communicates. The lymph follicles 
are generally surrounded with sinuous vessels of this 
plexus. The efferent trunks of the submucous plexus, 
while passing through the outer muscular coat in order 
to reach the meaentory, take up the efferent vessels of 
the plexus of the lymphatics of the muscular coat^ 

The cbyl«, composed of granules and globutei 
of different but minute sizes, passes from the inner 
free surface of the mucous membrane of the small 
intestine through the epithelium (probably through it« 
tluid interstitial cement suhsUnce) into the reticulum 
of the villus matrix, and from thence the central 
chyle vessel, and farther into the plexus of vessels 
of the mucosa and submncOBa. 

Owing to the peripheral disposition of thft 
capillaries in the villi, and o^m^ \o tb« ^eotef 
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filling with blood of the cfHllarieB dnring digestion, 
the villi are thrown into a ■tato of tuigeaoenoe daring 
this period, in conaeqnoue of wfaidi the oentnl chjle 
vefisels axo kept distended. Abecnption is thoB 
gr-eatly sapported. Hie conbaction of the muacnUr 
tissue of the nib and of tiie mnacnl&r coat of the in- 
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testine greatly facilitatee the absorption and diaoharge 
of the ohyle. 

274. The non-mednllated nerves form a rich 
plexns, called the the plexut myenlericus of Ati^bach 
(Fig. 120a), with groups of ganglion cells in the 
nodes ; this plexns lies between the longitudinal and 
circular muscular coat AnoUier plexus connected 
with the former lies in the submucous tissue ; this 
is the plexiu of Mei—ner, with ^iigyvak. "Vo. >yj(^ 
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plexuses the branches are of a very variable thickness ; 
they are groups of simple ajti-t cylinders, held together 
by a delicate endothelial sheath. 



CHAPTER XXVL ^H 

TEB OLANBB OF BRtlNTIER, AND TBK PAKCBEAS. 

275. At the passage of the pyloric end of the 
stomach into the duodenum (Fig. 121), and in the first 
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part of the latter, 19 a continuouB layer of gland ti 
ia the eubmucosa, composed of convolutod, more or leas 
branched tubes grou]>ed into lobules, and permeated 
by bundlee of non^striped muscular tissue, outrunners 
of the muscularis mucosa. These are the glands 0/ 
Brunner. Numerous thin ducta lined with a single 
layer of columnar epithelial cells pass through the 
mucosa, and open into the crypta of Lieberkiihn be- 
tween the basea of the villi. The gland tubes of 
Brunner's glands are iderUieal in, gtractitre wU/i the 
jn/loi-io glands, loitJi tohich tltey forw, a direct ana- 
tomical continuiti/ 

276 The pancreas (Fig I "J^) la in most respects 
identical in struc 

or true salivary 
gland The conuec 
ti\e tissue frame- 
work the distribu 
tion of the blood 
vessels and Ijm 
phatics and of the 
gland tiss e in lobea 1^ 
and lobules with the 
corresponding intei C 
and intra libular IS- 
ducts IS similar in ^ 
both cases. The 
epithehum lining a 
the latter ducts is 
only famtly stnated P j 1 
not by any mpans 
HO distinctly as in r%shnwm u rt 
the salivary tubes Vm" °° "" "" 
The alveoli or acmi 
are club-shaped flaak shaped shortei 
dncal, and convoluted. 
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377. The intermediary part of the duct tuid its 
piiBsage ioto the alveoli is the same as in Uie 
a&livary glands. The cells lining the alveoli are 
coluronaj- or pyramidnL, and show an outer homo- 
geneous, or faintly and longitudinally striated zone 
(I^ngerhans, HeidenLain), and an inner more ttan- 
sparent granular-lookins zone. The nucleus of the 
celliaspherical, and lieR in about the middle. According 
to the state of secretion the two zones vary in amount, 
one at the expense of the other. 

The lumen of the alveoli is very minute, and 
in the beginning of tiio alveoli, i.e., nest to the 
intermediary part of the duct, are seen spindle-shaped 
cells occupying the lumen, the cmtroat^noug oella of 
Langerhans. 

In the rabbit's pancreas KUIine and Lea have 
shown that there are peculiar accumulations of cells 
between the alveoli, which are supplied with veritable 
glomeruli of capillary blood-vessels. 



CHAPTER XXVII. 
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278. The outer surface of the liver is covered will 
a delicate seroits ?nembraite, the peritoneum, wlucb, 
like that of other abdominal organs, has on its fm 
surface a layer of endothelium. It oonBiats ohiefly ei 
fibrous connective tissue. 

At the liHum or porta hepatis this connectiw 
tissue is continued into the interior, and beoomee ou 
with the connective tissue of the Glinson'g captuU, it 
the interlobular cowteclive tissue (oonrieotive ■ ' 
of the portal canalay Ttia tissue is 
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more or lees lamellatedi by it the snbBtance of 
the liver is Bubdivided into nnmenius, more or less 
polyhedral, solid foftaiw tw octm (Fig. 123), each about 
^ti of an inch in diameter. According to whether 
tiie interlobular 
tissue forms com- 
plete boundaries 
or not, the adni 
appear -well de- 
fined from one 
another {pig, ice- 
bear), or more or 
less fused (mati 
and 
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animals and ro- \»^ ,- ^\i 

dent«). 

Within each 
acinus there is 
only very scanty 

connective tissue, Fig. IIS.— From >. SeotloD Ummgh the Livei 
\-n thfl Hhnrw of o* ^- FiTB lobolea MB shown They are 
in tne Snape OI „u wputteil from one viotter bj tha 

extremely delicate inwriobnMr tisme. 

bnndles and flat- ^ KKiI^bi^'fe'MeViSl^lSe SSf?/ SS 

lenea connective- i,ifeaoeUii,iiii[iiIobiil«orienir»lyeta UiiuJ 

tissue cells. Occa- 
sionally, especially in the young liver, migratory 
oells are to be met with in the acini and in the tissue 
between them. 

279. The vena port» having entered the hilum 
gives off rapidly numerous branches, which follow the 
interlobular tissue in which they are situated, and 
the^ form rich plexuses around each aeinva ; these are 
the interlobular veins (Fig. 121). Numerous capillary 
blood-vessels are derived from these veins. These 
capillaries pass in a radiating direction to the centre 
of the acinus, at the tame time anastomosing with 
QDie flw^JM"- by nomercms tnuuverae bTe.i:i<ib«&. "Vn. VXua 
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centre of the aciniiB the capillaries become con- 
fluent iuto one Ifti^e vein, the eentral or inlralobular 
vein. The intralobular veins of aeveral neighbouring 
acini join so as to form the giiblobu/.ar uetJM, and 
these lead into the efferent veins of the liver, or 




the hepatic veiTis, which finally pass into the f 
cava inferior. 

280. The substance of each acinus— 
tissue between the capillary blood-veeaeia — ia com- 
posed of uniform polygonal protoplasmic epithelial 
cells, of about Ttnni*'' °^ ^'^ i'^"'' "• diameter ; these 
are the /iver celU. Owing to the peculiar, more of 
less radiating, arrangement of the capillaries, the liver 
cells appear to form columns or cylinders, also more 
or leas radiating from ttie \-)OT\'pbery toward^,]^^ 
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centre of tiie acmua. SometimeH the liver cells contain 
minute pigment granules. 

£ach liver cell showB a more or less fibrillated and 
reticulated protoplasm (Kupfer), and in the centre a 
spherical nucleus with its reticulum, generally with 
one or more nucleolL 
During activity the 
liver cells are larger 
and look more gran 
idar than after 
action. 

The hver cells 
are joined with one 
another by an alba 
minous cement sub- 
stance, in which are 
left fine channels ; 
these are the h3^ 
eapillaries, or intra- 5*M 
hbular bile veaaela 
(Fig. 129). In a 
Boccessfully injected "^^^^'f^^Hr^^^^'^"^. 

E reparation, the iikio4-ve««i». <aeiu.i 
ver cells appear 
separated everywhere from one another by a bile 
capillary, and these form for the w/iole acinus a con- 
tinuous interemantumeatimi network of minute 
channels. Where the liver cells are in contoict with 
a capillary blood-vessel, there, of course, are no bile 
capillaries, since these exist only between liver cells. 

281. At the margin of the acinus the bile capil- 
laries are connected with the lumen of minute tubes ; 
these possess a membrana propria and a lumen lined 
with a single layer of transparent polyhedral epithelial 
ceils. These are the email interlobular bile ducts 
(Fig. 124). Their epithelial cells are in reality con- 
tinuous with the liver cells. They jovo. eo %a \» \.<3T\&. 
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-'- Fig. m. 
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the larger vntsrlohular fiifo dwJtt, lined with more or less 
uolumnar epithelium. The first part of the bile duct 
lined with polyhedral cells correspondB to the inter- 
mediary part o£ the ducts of the saUvary glaiidB. 
The interlobular bile ducts form networks in the iiiter- 
lobuJnr ti&sue. Towards the hiliim they become erf 
^eat diameter, and their wall is mode up of fibrous 
tissue, with nou-atriped musculiir tissue. Small 
mucus-secreting gliiuds are in their wall, and open 
into their lumen. 

The wall of the hepatic duct, and of the gall 
bladder, are merely exaggerations of this structure. 

282, The hepatic artery follows in its ramification 
the interlobular veins. The arterial branches foi-m 
plexuses in the interlobular tissue, and they supply 
the capillaiy blood-vesaela of the interlobular con- 
nective tissue, and especially of the bile ducts. The 
capillary blood-Tessela of the hile ducte join so a^ 
to form Hmali veins which finally empty themselvea 
into the interlobular veins. The anastomoaea of the 
capillary blood-vessels, derived from the artertkl 
branches, directly with the capillary blood-vessels of 
the acini, are insignificant (Cohnheim and Lilten). 
The serous covering of the liver contains special 
arterial branches — rami capsulares. Networks of lym- 
phatics — deep lj/mphatic»~-a,re present in the inter- 
lobular connective tissue, forming plexuses around 
iJie interlobular blood-vetwels and bile ducts, and 
occasioQiLlly forming a perivascular lymphatic around 
a branch of the hepatic vein. Within the acinu^ 
the lymphatics are represented only by spaces and 
clefts existing between the liver cells and capillary 
blood-vessels ; these are the intralobular lymphaticfl 
(Macgillivry, Frey, and otljera). They anastomose 
at the margin of the acinus with the interlobular 
JjriDphatioa. 

In the capsule ot tbe \wer \b s. a^waVal uetwork 
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of lymphatics, called the sitperficial lymphatica, 
Kumerous branches pass between this network and 
those of the interlobular lymphatics. 



CHAPTER XXVIII. 

THE ORGANS OF RESPIRATION. 

283. L The larynx. — The supporting frame- 
work of the larynx is formed by cartilage. In the 
epiglottis the cartilage is elastic and reticulated, 
Le,, the cartilage plate is perforated by numerous 
smaller and larger holes. The cartilages of Santorini 
and Wrisbergii, the former attached to the top of 
the arytenoid cartilage, the latter enclosed in the 
aryteno-epiglottidean fold, are also elastic. The 
thyroid, cricoid, and arytenoid cartilages are hyaline. 
AU these are covered with the usual perichondrium. 

A small nodule of elastic cartilage is enclosed in 
the front part of the true vocal cord. This is the 
cartilage of Luschka. 

The mucous membrane lining the cavity of the 
larynx (Mg. 126) has the following structure : — 

The epithelium covering the free surface is 
stratified columnar ciliated, i,e,, the most superficial 
layer is made up of conical cells with cilia on their 
surface ; then between the extremities of these cells 
are wedged in spindle-shaped and inverted conical cells. 
Numerous goblet cells are found £Mnongst the superficial 
cells. The two surfaces of the epiglottis and the 
true vocal cord are covered with atratijied pavemerU 
epithelium. 

Underneath the epithelium is a basement mem- 
brane separating the former from the mucous mem- 
brane proper. 
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284. The mucouB membrane is delicate connective 
tissue with numerous lymph corpuscles In the pos- 
terior Burface of the epiglottis, in the false vocal cord, 
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and in the lower parts of the iarynx, bnt especially in 
the ventricle, this infiltration amounts to diffuse 
adenoid tissue, and even to the localisation of this 
as lymph follicles. In both surfaces of the epiglottis, 
and in the true vocal cords, the mucosa extends into 
the stratiiied pavement epithelium in the shape of 
in/nutepapiJlK. 
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In the lower part of the larynx the mucous mem- 
brane contains bundles of elastic fibres connected into 
networks, and running in a longitudinal direction 
These elastic fibres are found chiefiy in the superficial 
parts of the mucous membrane. In the true vocal 
cord the mucosa is entirely made up of elastic fibres 
extending in the direction of the vocal cord. 

285. The deeper part of the mucous membrane is 
of loose texture, and corresponds to the sub-mucosa ; 
in it are embedded numerous mucous glands^ the ducts 
of which pass through the mucosa and open on the 
free surface. The alveoli of the glands are of the 
nature of mucous alveoli, i.^., a considerable lumen 
lined with a layer of mucous goblet cells. There are, 
however, also alveoli lined with columnar albuminous 
cells,- and such as have both side by side, as in the 
case of the sub-lingual gland of the dog. The ciliated 
epithelium of the surface in some places extends also 
for a short distance into the duct. The true vocal 
cords have no mucous glands. 

The blood-vessels terminate as the capillary net- 
work in the superficial — t.e., sub-epithelial — layer of the 
mucosa^; where there are papillse— i.e., in the epiglottis 
and true vocal cord — these receive a loop of capillary 
blood-vessels. The lymphatics form superficial networks 
of fine vessels, and deep submucous networks of large 
vessels. These are of enormous width and size in the 
membrane of the anterior surface of the epiglottis. 
The finer nerves form superficial plexuses of non- 
medullated fibres. Here, according to Luschka and 
Boldyrew, there are end bulbs. Taste-buds have 
been found in the posterior surface of the epiglottis 
(Verson, Schofield, Davis), and also in the deeper 
parts of the larynx (Davis). 

286. II. The trachea* — The trachea is very 
similar in structure to the lower part of th^ lax^xcx^ 
from which At differs merely in possessm^ ^^ tvxv^ 
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of hyaline cartilage, and in possessing, in the postenor 
01- membranous portion, mrcular bundles of tton- 
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slullc urirmi tbi- mU nnrl?! 7ietv«n tbcni Indloilu ronncnlvs tiniic 
coriiiisclM ; ., [he HibmuiMiOB tliniie cimwlnjos ">5'"" e'"'«^if.«'V 

striped muscular Hxsue, extending, as it were, between 
the ends of the rings. Its coinponi.;iit parts are (Fig. 
127) :— 

(a) A stratified columnar cAiaAftd e^jlthelioni. 
(i) A basenaent membTane, 
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(c) A mucosa, with the terminal networks of 
capillary blood-vessels, and infiltrated with adenoid 
tiscma 

(d) A layer of longitudinal elastic fibres. 

{e) A loosely-textured submucous tissue, contain- 
ing the large vessels and nerves and small mucous 
gland& Occasionally the gland or its duct is embedded 
in a lymph follicle. 

287. III. The bronchi and the langr- — 
The bronchi branch within the lung dendritically 
into finer and finer tubes. The finest branches 
are the terminal bronchi In the bronchi we find, 
instead of rings of hyaline cartilage, as in the trachea, 
larger and smaller oblong or irregularly-shaped plates 
of hyaline cartilage distributed more or less uniformly 
in the circumference of the wall. Towards the small 
microscopic bronchi, these cartilage plates gradually 
diminish in size and number. The epithelium, the 
basement membrane, the sub-epithelial mucosa, and 
the layer of longitudinal elastic fibres, remain the same 
as in the trachea. The submucous tissue contains 
small mucous gland& 

288. Between the sub-epithelial mucosa and sub- 
muoosa is a contvmwua layer of circular non-striped 
muscular tissue. In the smaller microscopic bronchi 
this layer is one of the most conspicuous. By the 
contraction of the circular muscular coat the mucosa 
is placed in longitudinal folds. 

The state of contraction and distension of the 
small bronchi bears an important relation to the aspect 
of the epithelium, which appears as a single layer of 
columnar cells in the distended bronchiole, and strati- 
fied when the bronchiole is contracted. 

The distribution of the blood-vessels is the same 
as in the trachea. Lymph follicles are met with in 
the submucous tissue of t^e broncMal wall in ^"c^ss^ai^ 
and man. 
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The iyiaphatic networks of the bronchial i 
tnenibrane are very conspicuous. Xhose of the Bub- 
mucous tissue, i.e., the peribronchiaJ lymphatics, anas- 
tomose with those suirouikdiiig the pulmonary blood* 
vessels. 

Figment and small particles can be easUy absorbed 
through the cement substance of the epithelium. 
into the radicles of the superficial lymphatics, whence 
they pass readily into the (larger) peribronchial lym- 
phatics. 

In connection with the nerve branches in the 
bronchial wall are minute ganglia. 

289. Each terminal bronchiole branches into 
several wider tubes called the almtolav ducts, or in/undi- 
bula ; each of these branches again into several similar 
ducts. All ducts, or infundibula, are closely beset in 
their whole extent with spherical, or, being pressed 
against one another, with polygonal, vesicles — the air- 
eeUa or oiueo/f-— opening by a wide aperture into the 
alveolar duct or infundibnlum, but not communicating 
with each other. The infundjbula are much wider 
than the terminal bronchioles, aiid also wider than 
the alveoli. 

290. All infundibula with their air-cells, belonging 
to one terminal bronchiole, represent a conical struc- 
ture, the apex of which ia formed by the terminal 
bronchua. Sxich a conical mass is a lobide of the lung, 
and the whole tissue of the lung is made up of such 
lobules closely aggregated, and arranged as lobe*. 
The lobules are separated from one another by delicate 
fibrous connective tissue ; this forms a continuity 
with the connective tissue accompanying the bron- 
chial tubes and large vascular trunks, and with these 
is traceable to the hilum. On the other hand, the 
interlobular connective tissue of the superficial parts 

of the lung is continaoue with tlie fibrous tissue 
of the surfiice called tV ■p^euto. ^iXmimBiw- This 
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membrane containB numerouB eUstic fibres, and 
on the free aurfiice is covered with a layer of endo- 
thalinm. 

In some instances (guinea-pig) the pleura pulmo- 
nalifl contains isundlee of non-striped muec\Uar tisane. 




The lobes of the lung are separated from one 
another by large septa of connective tissue— the liga- 
menta pulmonis. 

291. The (emiliial bronchi coutuxxTvo'^i^^iAi^ 
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or mucous glands in their wall Tlib is made up o£ 
three coata : (a) a tinj epithelium— a single layer of 
staalL polyhedraj granular-looking cells ; (6) a circular 
muscular coat of noD-Btriped muscular tissue ; and 
(e) a fine adventitia of elastic fibres, arranged chiefly 
as longitudinal networks. 

2H2, Tracing the elements constituting the wsU 
of a terminal bronchiole into the infundibula and air- 
cells (Fig. 128}, we find the following changeM : (a) the 
polyhedral granular-looking epithelial cells forming a 
continuous lining in the fcenninal bronchiole, are trace- 
able into the infundibulum only as larger or smaller 
groups ; hHtween these groups of small polyhedral 
granular-looking cells large, flat, transparent, homo- 
geneous, nucleated, epithelial scales make their ap- 
pearanoe. The farther away from the termiiml 
bronchiole, the fewer are the groups of polyhedral 
granular-looking cells. In all infundibula, however, 
the ti-ansparent scales form the chief lining. This 
becomes stUl more marked in the air-cells. There 
the small polyhedral granular-looking cells are trB,oe- 
able only singly, or in groups of two or three (Elena), 
the rest of the cavity of the air-cells being lined with 
the large transparent scales. 

In the fcetid state all cells lining the infundibula 
and air-cells are of the small polyhedral granul&r- 
looking vaiiety (Kuttner). With the expansion of 
the lungs during the flret inspiration many of these 
cells change into the large transparent Hcaleg, in order 
to make up for the increment of surfnce. A lung 
expanded ad maximum shows much fewer or none of 
the amall polyhedral cells; while a lung that is ool- 
lapsed shows them in groups in the infundibula, 
and isolated or in twos or threes in the alveoli. 

293. (6) The circular coat of non-striped muscidar 
tissve of the terminal bronchiole is continued as a con- 
tjatioas ciixiular coat — but slightly thinner — on. Qib 
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alveolar ilucts or infuiiclilnila, in their wtntlo exleid 
but not beyond tliem, i.e., not on the air-cellH. 

(c) The odventitia of elastic networka ih c<m« ] 
tinued on the InfiindibDla, and tlieiice on t 
cella, where they form an esBentiul part of tlie wall' I 
«rf the alveoli, being its framework. 

Amongst the network of elastic fibres forming I 
tlie 'wall of the alveoli is a network of bruicheii (lo^ J 
neotive tissue cells, contained ae usual in KJmilurly I 
shaped branched laciinte, v^hich are the ntdiclcN at J 
the lympliatic vessels. 

£94. Tbe blood-vessels and lyniplialles.— 
The branches of the pulmonary artery and veina 
are contained within the connective tissufi «8]Minit- 
ing the lobes and lobules, whence they oon bii 
traced into _ 

their finer 

towarda the in- 
fundibula and 
Bii>cells. Each 
of these latter 
13 Burrounded 
by a sort of 
basket - shaped 
dense network 
of capillary 
blood - vessels 
(Fig. 139). The 
ct^Iaiy net- 
works of adja- 
cent alveoli are 
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with one another, and stand in communication on the 
one hand with a branch of the pulmonary artery, and 
on the other with branches of tlie pulmonary vein. 
The branches of the bronchial artery >«\ii'[ia \« "fln.*! 
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bronchia! walls, which are supplied by them with 
capillary networks. 

The iacuQte and canaliculi in the wall of the alveoli, 
mentioned above, are the rootlets of lymphatic veasels, 
which accompimy the pulmonary vessels, and form & 
network around them ; these are the deep lymphatics, 
or the ptfftwMcw&H" hjiwphatica. Hey are connected 
also with the networks of lymphatics aiuTounding the 
bronchi, i.e., thepwifiroJMAit? lymphatics. The root^ 
lets of the Huperfidal air-cellB empty themselves into 
the aub-plffural plexus of lymphatics, a. rich plexus of 
large lymphatics with Talves. All these lymphatics 
lead by large trunks into the bronchial lymph glands. 

295. Between the flattened transparent epithelial 
cells lining the alveoli are minute openings, atomata 
(Fig. 128), leading from the cavity of the air-cells into 
the lymph lacuiue of the alveolar wall. These stomata 
are more distinct during expansion, f «., inspiration, 
than in the collapsed Btate. Inspiration, by its ex- 
panding the lungs, and conaequently ako the lym- 
phatics, favours greatly absorption. Through these 
stomata, and also through the interstitial cement 
substance of tlie lining epithelium, formed particles 
^Buoh as soot particles of a smoky atmosphere, 
pigment artificially inhaled, cellular elements, such 
as mucus or pus corpuscles, that have been car- 
ried into the alveoli from the bronchi by natural 
inspiration, germ-particles, ifec., find their way into 
the radicles of the lymphatics ; thence into the peri- 
vascular and sub-pleural Ij-mphatics, and finally into 
the bronchial glands. 
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CHAPTER XXIX. 

THE BPLEEN. 

296. The ct^sale enveloping the spleen is a 
rouB membiane — the peritoneum. It is a connective 
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tissue membrftne with networks of elaatvi ft.\iT?a, wsA, 
covered on its free surface with an endottaeVvam. TNis 
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deep part of the capsule contains ii 
mvecular fUsue forming pleKuses. In man the bundlea 
are relatively thin, but in some mammals— e.j., 
dog, pig, horse-^they are contmuous masses arranged 
sometimes as a. deep longitudinal and a superficial 
circular layer. 

In connection with the capsule ai'e the IrabecvlrK 
(Fig. 130). These ai'e microscopical^ thicker or thiiuiet' 
cylindrical bands branching and anaGtomosing, and 
thus making a framework in which the tissue of 
the spleen is contjiiiied. Towards the hilum the 
trabecutce are larger, and they form there a continuity 
with tlie connective tissue of the hilum. They are 
the caniers of the large vascular blanches. The 
traboculoe in the human spleen consist chiefly of 
tibrouB tissue with au admixture of longitudinal non- 
u Hti-iptid muscular 

tissue. This is 
more pronounce<l 
in the dog, horse, 
pig, guinea pig, in 
which the trabe- 
cule are chiefiy 
composed of non- 
striped muscular 
tissue. Following 
a small trabecula 
after it is given 
ofl" from a larger 
one, we find it 
branching into 
still smaller onei, 
which oltimately lose themselves amongst the elements 
of that part of the spleen tissue called spleen pulp 
(Fig. 131). 

The meshee of the -uetwork of the traV>ecul*B US 
£Uf)d up with the iiarcndi3ma. t\iw ^*lM,^Iil.s uf 
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kinds of ttssiieB : (a) die lialpig^ian earpacks; and 
(^) tlie pulp 

297. The 

of adenoid tiflsae eoiuiected wilh the bnukches of the 
splenic artery. Following the diief arterial trunks as 
thej pass in the big trabeciilae towards the interior 
of the spleen, they are seen to giro off nnmeroos 
smaller brandies to the spleen paienchjina ; these are 
ensheaihed in maSBCS of adenoid tisme which are 
either cylindrical or irr^inlarly-shaped, and in some 
places form oval or q^erical enlargementSL These 
sheaths of adenoid tisRie are traceable to the end of 
an arterial brandi; and in the whole extent the 
adenoid tissae or Malpi^iian corposde is supplied by 
its artery with a jietwork of capillary blood-Tessela^ 

298. The rest of ihe spleen parenchyma is made np 
of the pal^ The maixix of this is a honeycombed, 
spongy network of fibres and septa, which are the 
processes and bodies of large, flattened, endotheloid 
cells, each with an oral nncleos. In some, especially 
young, animals, some of these cells are huge and 
multinucleated. The spaces of the honeycombed tissue 
are of different diameters, some not larger than a blood 
corpuscle, others large enough to hold several All 
spaces form an intercommunicating system. The 
spaces contain nucleated lymph corpuscles, more or 
less connected with and derived from the cell plates 
of the matrix. But they do not fill the spaces, so 
that some room is left, large enough to allow blood 
corpuscles to pass. 

The spaces of the honeycombed pulp matrix are in 
communication, on the one hand, with the ends of the 
capillary blood-vessels of the Malpighian corpuscles, 
and, on the other, they open into the venous radicles 
or sinuses (Fig. 132), which are oblong spaces lined 
with a layer of more or less polyhedral endo^elial cells. 
These sinuses form networks, and lead ixLtc» \^\v<b W^ 
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\eiious b inches pass ng ui the b g trabeculce to the 
hilum The veno s sinuses m man and ape possess a, 
speo al advent t a formed of circular elastic fibrils. 
Not all arteml branches are ensbeathed 'r: 
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Malpighian corpuscles ; some few fine arterial bninchea 
open directly into the spaces of the pulp matrix, being 
invested in a peculiar reticular or concentrically ar- 
ranged cellular tissue {not adenoid). These are the 
capillary sheaths of Bchweigger Seidel. 

3S9. The blood passes then from the arterial 
bnuiabea through the CB.\ii\\atieft i^ \i\ife Malijig' " 
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corpuscles, whence it trarels into ilie labyrintli of 
minute spaces in the honeycombed pulp matrix ; 
thence it passes into the renous sinuses, and finally 
into the renous trunks. The current of blood on its 
passage through the pnlp tissue becomes, therefore, 
greatly retarded. Under these conditions numerous 
red blood-corpuscles appear to be taken up by the 
cells of the pulp, some of which contain several 
in their interior. . In these corpuscles the blood-discs 
become gradually broken up, so that, finally, only 
granules and small clumps of blood-pigment are left 
in them. The presence of blood-pigment in the cor- 
puscles of the pulp is explained in this way ; and it is 
therefore said that the pulp tissue is a destroyer of 
red blood-corpuscles. 

The pulp tissue is most probably the birthplace of 
colourless blood-corpuscles ; and according to Bizzozero 
and Salvioli it is also the birthplace of red blood- 
corpuscles. 

The lympkatiea form plexuses in the capsule 
(Tomsa^ Kyber). These are continuous with the plexus 
of lymphatics of the trabecule ; and these again with 
the plexus of lymphatics in the adventitia of the 
arterial trunks. 

Norir^iedtMated Tierverfibrea have been traced along 
the arterial branches. 



CHAPTER XXX. 

THE KIDNEY, URETER, AND BLADDER. 

300. A. Tbe fhrainework. 

The kidney possesses a thin investing capsule com- 
posed of fibrous tissue, more or le^^ oC ^ \«xci^iict 
arrangement Bundles of fibroxia tVasvi^ft ^"asaA -wvxja. 
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blood-vessels betweeu tlie deeper part of the capsule 
and tlie pareochyraa of the peiiphery. According 
to Ehertb, a plexus of non-striped muscle cells is 
situated underneath the oapsula 

The ureter entering the hiluin enlarges into the 
pelvis of the kidney, and with its minor recesses or 
prolougations forms the calices. Both the pelvis uid 
the calices are limited by a wall which ia a direct cod- 
tinuation of the ui'eter. The internal free surfatie is 
lined with stratified transitional epithelium. XTudcr- 
neath the epithelium is a iibrous connective tissue 
membrane (the mucosa), containing the networks of 
capillaiy blood-vesaela and fine nerve-fibres. Outside 
the mucosa and insensibly passing into it is the 
looae-textured submucosa, with groups of fat cells. 
There are pi-esent in the sub-mucosa bundles of 
non-striped muscular tissue, continued from the 
uret«r, in the ehape of longitudinal and circular 
bundles. 

In the pelvis of the kidney of the horse small 
glands (simple or branched tubes), lined with a ^^« 
layer of columnar eplthehal cells, have been observed 
by Faladino, Sertoli, and Kgli- The last-named 
mentions also that in tlie pelvis of the human kidney 
there are gland-tubes similar in structure to sebaceous 
follicles. 

301. The large vascular trunks enter, or pass from 
the tissue of the calices into the parenchyma of the 
kidney between the cortex and medulla, and ehey are 
accompanied by bundles of fibrous connective tissue 
and here and there a few longitudinal bundles of noil- 
atriped muscular tiasua 

In the parenchyma there is a very scanty 

fibrous connective tissue, chiefiy around the Maj- 

pighmn corpuscles and around the arterial vessels. 

esiieciaUy in the young "k\iiiB^, In the papilhe there 

is relatively a great a,moutit ol SfttuMs \:vffi».e.. Ou 
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the surface of the papillae (facing the calices) there 
is a continuous layer of fibrous tissue, and this on 
its free surface is covered with stratified transitional 
epithelium. 

The parenchyma of the kidney consists entirely of 
the urinary tubules and the intertubular blood-vessels, 
and there is an interstitial or intertubidar connective 
tissue framework in the shape of honeycombed hyaline 
membranes with flattened nucleated branched or 
spindle-shaped cells. The meshes of the honeycomb 
are the spaces for the urinary tubules and blood- 
vessels. 

302. B. The parenchyma* — I. The urinary 
tvhulea (Fig. 133). — In a transverse or longitudinal 
section through the kidney we notice the cortex^ the 
hounda/ry layer of Ludwig and the papillary portions, 
the last terminating in the corneal papiUce in the cavity 
of the calices. 

The boundary layer and the papillary portion 
form the medulla. A papilla with the papillary 
portion and boundary layer, continuous with it, con- 
stitute a Malpighian pyra/mid. The relative propor- 
tion of the thickness of the three parts is about 3*5 
cortex, 2 5 boundary layer, and 4 papillary portion. 

303. The cortex consists of vast numbers of con- 
voluted tubules with their caecal origin, the Mal- 
})ighian corpuscle ; this is the labyrinth separated into 
vertical divisions of equal breadth by regularly disposed 
vertical straight strise originating a short distance from 
the outer capsule, and radiating towards the boundary 
layer which they enter. Each of these striae is a bundle 
of straight tubules, and represents a medullary ray. 
The boundary layer shows a uniform longitudinal stria- 
tion, in which opaque and transparent striae alternate 
with one another. The opaque striae are continuations 
of the medullary rays, the transparent striae are 
bundles of blood-vessels. 
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The papillary portion is nnifomilj aud longi- 
tudinally striated. 

Tracing a medollaiy raj from the boundary layer 
into the cortex, it is seen that its breadth gradiudly 
diminishes, and it altogether ceases at a short distance 
from the outer capsule. A medullary ray is, con- 
sequently, of a corneal shape, its apex being situated 
at the periphery of the ocnrtex, its base in the 
boiindary layer. Such a pyramid is called a 'pyramid 
of Ferrein, 

304. All urinary tubules commence as convoluted 
tubules in tlie part of the cortex named the 
labyrinth, but not in the medullary rays, with a 
caecal enlargement called a McUpighian corpuscle^ and 
terminate — having previously joined with many other 
tubules into larger and larger ducts — at oue of the 
many minute openings or mouths at the apex of a 
papilla. On their way the tubes several times alter 
their size and nature. 

From its start to its eud there is a continuous 
fine mewbrcma propria forming the boundary wall 
of the urinary tubule, and this membrana propria is 
lined with a single loAfer of epithelial cells differing in 
size, shape, and structure from place to place; in 
the centre of the tubule is a lumeji, differing in size 
according to the size of the tubule. 

305. (1) Each Malpighian corpuscle (Fig. 134) 
is composed of the capsule — ^the capsule of Bowman — 
and the glomerulus, or Malpighian tuft of capillary 
blood-vessels. 



A, Cortex limited on iti free garface by the capsule : a, sabcapeolar layer not 
eontaining Malpighian corpnacles : a; inner stratum of cortex without 
HalpighUui corpagcles; b. boundary layer; o, papillary part next the 
bonndaxy layer; l. Bowman's capsule : 3, neck of capsule ; 3, proximal con- 
voluted tube : 4, spiral part ; 6, descending limb of Henle's loop-tube ; 6, 
tbe loop itself : 7, 8, and 9, the ascending limb of Henle's loop-tube ; l(L the 
irregular tnbule ; ll, the distal convoluted tubule : 12, the first part of the 
collecting tube ; 18 and 14, larger collecting tube ; in the papilla itself, not 
represented here, the collecting tube joins others, and torm« tbft dv^KX. 
(Atlaa.) 
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Tlie capsule of Bowman la a Ljalme tufnibrana 
propna, supported as mentioned above bv & small 
amount of connects e tissue On ite inner surface 
there la a continuous la>er of nucleated epithelial 
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cells, in the young state of polyhedral shape, in the 
atlult state squamous. 

The glomendiis is a network of convoluted 
capiilaj-y blood-vessel a, separated from one another 
liy scanty connective tissue, chiefly in ihe sliap« 
of a few connective biBsue corpuscles. The cainl- 
Jaries are grouped together in two to five lobulea. 
The wlioie surface at the glomerolus is lined witi 
& delicate lueuibruna jitoitii^s 
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of nucleated ^ithelial cells, polyhedral, or even 
columnar in the young, squamous in the adult state. 
The membrana propria and epithelium dip in, of 
course, between the lobules of the glomerulus, and 
represent in reality the yisceral layer of the capsule 
of the Malpighian corpuscle, the capsule of Bowman 
being the parietal layer. The glomerulus is connected 
at one pole with an afferent and efferent arterial 
vessel, the former being tlie larger. 

Between Bowman's capsule and the glomerulus 
there is a space, the size of which differs according 
to the state of secretion, being chiefly dependent on 
the amount of fluid present 

The Malpighian corpuscles are distributed in the 
labyrinth of the cortex only, with the exception of a 
thin peripheral layer near the outer capsule, and a 
still thinner layer near the boundary layer. The 
Malpighian corpuscles near the boundary layer are the 
largest, those near the j)eriphery the smallest; in 
the human kidn^ their mean diameter is about ^\q 
of an inch. 

306. On the side opposite to that where the 
aflerent and eflerent arterioles join the glomerulus, 
the capsule of Bowman passes. through a narrow neck 
into the cylindrical urinary tubule in such a way, 
that the inembrana propria and epithelium of the 
capsule are continued as the membrana propria and 
lining epithelium of the tubule respectively, and 
the space between the capsule of Bowman and 
the glomerulus becomes the cavity or lumen of the 
urinary tubule. 

307. (2) After it has passed the neck, the urinary 
tubule becomes convoluted ; this is the prooovmal con- 
voluted tuhvle (Fig. 135). It is of considerable length 
and is situated in the labyrinth. It has a distinct 
lumen, and its epithelium is a single layer of polyhedral 
or shorty columnar, angular, ox cYuV^^^^^^ o.^^^ ^^i^s^ 







moase — they already lia,ve \»g>Mv in the MatpigUwi 
"Biytisclp. The outer part <A t\w c(>\\ ■^TiJi.(i^a5Mi.— vt^ 
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next the membrana propria — is distinctly striated, . 
owing to the presRnce o£ rod-shaped fibrila (Heiden- 
hain) vertically arranged. The inner part of the cell 
substance— i.e., between the nucleus and the inner 
free margin — appears granular. Epithelial cells the'] 
protoplaam of which possesses the above rod-shaped 1 
fibril^ will in the following paragraphs be spoken of"! 
as fibrillated cells, '^ 

The proximal convoluted tube appears floiuetimea' 
thicker than at other times; in the fivrt case, 
lumen is amaller, but ita lining epithelial cells 
distinctly more columnar. This state is probably con- 
nected with the state of secretion. 

308. (3) The convoluted tube posses into the 
sfntal ttibtde (Schachowa). This differs ieoTH the 
former in being situated not in the labyrinth, but in 
a medullary ray, in which it forma one conspicuous 
element, and in not being convoluted, but more or 
less straight, slightly wavy, and spiraL Ita thickneaj' 
and lumen are the same as in the former ; it^ 
epithelium is a single layer of polyhedral cells, wilifj 
distinct indication of fibrillation. 

309. (4) Precisely at the line whei-e the cortex 
joins the boundary layer, the spiral tube becomes 
suddenly greatly reduced in thicknesa ; it becomes at 
the same time very transparent; its lumen ia distinct; 
ita membrana projiria is now lined with a single 
layer of scales, each with an oval flattened nucleu& 
This altered tubule ia the descending loop4ubB of 
Henle, and it pursues its course in the boundavjf 
layer as a straight tubule, in the continuation of the 
medullary ray, ' 

In aspect and size thia part of the urinary 
tubule resembles a capillary hlood-veBseJ, but differs 
from it inasmuch as, in addition to the lining layer 
of flattened epithelial cells, it possesses a membrana 
propria. 
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310. (5) The so formed descending Henle's loop- 
tube passes the line between the boundary layer 
and papillai^ portion, and having entered this 
latter ptii'sues its course ior a. short distance, when 
it sharply bends backwards as the loop of Heole'a 
tube J it now runs back towards the boundary layer, 
and precisely at the point of entering this becomes 
suddenly enlarged. Up to this point the structure 
and size of the loop are exactly the same as those of 
the descending limb. 

311. (6) Having entered the boundaty layer it 
pursues its course in this latter to the cortex in a 
more or less straight direction within the medullary 
ray as the ascending loop-tvhe. Besides being bi^er 
than tlie descending limb and the loop, its lumen 
is com{iafatively smaller, and its lining epithelium 
is a layer of polyhedral, distinctly fibrOlat^d 
epithelial cells. The tube is not quite of the same 
thickness all along the boundary layer, but is broader 
in the inner than in the outer half; besides, the tube 
ia not qviite straight, Lut slightly wavy or even 

(7) Having reached the cortex, it enters this as the 
cortical part of the ascending loop-tube, forming one 
of the tubes of a medullary ray; it is at the eame 
time narrower than in the boundary layer, and is 
more or less straight or wavy. Its lumen is very 
minute, its lining cells are flat polyhedral with a 
small fattened nucleus, and there is an indication of 
tibrillation (Fig 136), 

(8) Sooner or later on its way in the cortex in 
a medullary ray it leaves this latter to enter the 
labyrinth, where it winds between the convolut«d 
tubes as an angular irregular ttiJiiile (Fig. 135). Its 
shape is very irregular, its size alters from place 
to place, its lumen is very minute, its epitlielium a 

layer of polyhedral, pytamvAai, m sfcfirt columnar <n~ 
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— according to the thickness of the tube ; each cell 
possesses a flattened oval nucleus next to the lumen, 
and a very coarsely and conspicuously flbrillated pro- 
toplasm. 

312. (9) This irregular tubule passes into the 
distal convoluted tubiUe or intercalated tubule of 
Schweigger SeideL This forms one of the convoluted 
tubes of .the Ubyrinth, and in size, aspect, and 
structure, is identical with the proximal convoluted 
tubule. 

(10) The distal convoluted tube passes into a 
short, thin, more or less cwrved or wavy collecting 
ttibule, lined with a layer of transparent, flattened, 
polyhedral cells ; this is still contained in the laby- 
rinth. 

(11) This leads into a somewhat larger straight 
collecting tvhe, lined with a layer of transparent poly- 
hedral cells and with distinct lumen. This tube 
forms part of a medullary ray, and on its way to the 
boundary layer takes up from the labyrinth numerous 
curved collecting tubules. 

(12) It then passes unaltered as a straight collect- 
ing tvhe through the boundary layer into the papillary 
portion. 

313. (13) In this part these tubes join imder acute 
angles, thereby gradually enlarging. They run in a 
straight direction towards the apex of the papilla, 
and the nearer to this the fewer and the bigger they 
become. These are the ducts or tubes of Bellini. 
They finally open on the apex into a calix. The lumen 
and the size of the lining epithelial cells — ^viz., whether 
more or less columnar — are in direct relation to the size 
of the collecting tube. The substance of the epi- 
thelial cells is a transparent protoplasm, and the 
nucleus is more or less ovaL 

314. In many places nucleated cells, spindle- 
shaped or branched, can be traced from the membrana 
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pfopria of the tubule between the lining epithelium; 
and, in some cases, even a delicate nucleated membrane 
can be seen lining the surface of the epithelium next 
the lumen. In the frog, the epithelium lining, the 
Malpighian corpuscles, and the exceedingly long neck 
of the urinary tubule, are possessed of long filamentous 
cilia, rapidly moving during life. In the neck of 
some of the urinary tubules in mammala there ia 
also an indication of cilia to be noticed. 

Heidenhain baa shown that indigo- sulphate of 
sodium, injected into tha circulating blood of the dog 
and rabbit, is excreted through certain parts of the 
urinary tubules only — Tiz., ttiose which are lined 
with "fibrillated" epithelium. He maintaina that 
this excretion is ejected through the cell sub- 
stance ; but, in the case of carmine being used as 
pigment, I have not found the excretion to take place 
through the substance of the epithelial cells, but 
through the homogeoeous interstitial or cement sub- 
stance between the epithelial cells. 

315. II. The blood-iteagelt (Fig. 136). 

The large branches of the renal artery and vein 
are situated in the submucous tissue of the pelvis, 
and they enter, or pass out respectively from, the part 
of the parenchyma coiresponding to the junction of 
the cortex and bwindary layer, where they follow a 
more or less horizontal course, and give off, or take up 
respectively, smaller branches to or from the cortex 
and medulla. 

(1) In the cortex the arterial trunks give off to 
the cortex small branches, which ainfflf/ enter tkt 
labjirinlh in a direction vertical to the surface of the 
kidney. These are the interlobu/aa- arteries. Each of 
these, on its way towards the external capsule of the 
kidney, gives off, on all sides of its circumference, 
shorter or longer lateral branches; these are the 
aferem arteriolet for the "NIb\^i^w.-b CRi^uscIes, each 
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one entering a Malp^hian 
corpuscle and breaking up 
into the caplUanes of the 
glomerulua 

On ita -WKj toTarda 
the external capaule, the 
InterlobnLu* arteries be- 
come greatly reduced, and 
finally enter the capillary 
network of the most peri- 

Eheral part of tiie cortex ; 
ut some of these arterioles 
may be also traced into the 
onter capsule, where they 
become connected with tbe 
capillary networks of thia 
latter. The efferent vessel 
of a Malpi^dan glome- 
mlus at once breaks up 
into a dense network of 
capillary blood - vessels, 
which entwine in all pos- 
sible directions the urinary 
tubules of the labyrinth. 
This network is continued 
with that of capillariee of 
the medullary rays, the 
meshes being tJiere elon- 
gated, and the capillary 
■ blood-vessels, for obvious 
reasons, more of a straight 
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arrangeineat. TLe capilliuiea of the wliole cortex 
form one continuoua network. 

316. The veins whicli take up the blood from this 
network are arranged in this manner : — There are 
formed venous vessela underneath the external 
capsule, taking up like raya on all sides, minute 
radicles connected with the capillaries of the ouxt 
peripheral part of the cortex. These are th« vena 
eUllaim; they pass into the labyrinth of the 
cortex, where they follow a vertical course in 
company with the interlobular arteries. On the 
way they communicate with the capillaries of the 
labyrinth, and ultimately open into the large 
venous branches situated between cortex and boun- 
dary layer. 

317. (3) In the medulla. Prom the large arterial 
trunks short biunches come olf, which enter the 
boundary layer, and there split up into a bundle 
of minute arterioles, which pass in a straight direc- 
tion vertically through the boundary layer into the 
papillary portioa TLese are the a/rtericE reetm 
(Fig. 136). The number of vessels of each bundle 
is at the outset incren^ed by the efferent vessel of 
the Malpighian corpuscles neai-est to the boundai^ 
layer. 

On their way through the boundary layer, and 
through the papillary portion of the medulla, 
these arterioles give ofl" the capillary network for 
the urinary tubules of these jiai-ts, the network, 
for obvious reasons, possessing an elongated arrange- 

From this network originate everywhere minute 
veins, which on their way towards the cortical mai^in 
increase in siite and number ; they form also buiuUeS 
of straight vessels— fssicp recUe — and ultimately eutw 
the venous trimks situated between the boundary 
layer and cortex. 
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The bundles of the arterisB rectae and vense 
rectsB form severally, in the boundary layer, the 
tmuqparent striae mentioned on a previous page as 
alternating with the opaque striae, these latter being 
bundles of urinary tuboles. 

At the apex of each papilla there is a network 
of capillaries around the mouth of each duct. 

318. The outer capsule of the kidney contains a 
network of capillary blood-vessels \ the arterial 
branches leading into them are derived from two 
sources : (a) from the outrumiers of the interlobular 
arteries of the cortex, and (6) from extrarenal arteries. 
The veins lead (a) into the venae stellatae, and (6) the 
exti-arenal veins. 

The lymphatic vessels form a plexus in the capsule 
of the kidney. They are connected with lymph 
spaces between the urinary tubes of the cortex. 
The large blood-vessels are surrounded by a plexus of 
lymphatics, which take up lymph spaces between the 
urinary tubules, both in the cortex and the boundary 
layer. 

319. The ureter is lined with stratified transi- 
tional epithelium. Underneath this is the mucosa, 
a connective tissue membrane with capillary blood- 
vessels. The submucosa is a loose connective tissue 
Then follows a muscular coat composed of non- 
striped muscular tissue, arranged as an inner and 
outer longitudinal and a middle circular coat. Then 
follows an outer limiting thin fibrous coat or adventitia. 
In this last have been observed minute ganglia in 
connection with the nerve branches. 

320. The bladder is similar in structure, but the 
mucous membrane and muscular coat are very much 
thicker. In the latter, which consists of non-striped 
fibres, are distinguished an inner circular, a middle 
oblique, and an outer longitudinal stratum. The 
last is best developed in the fundus. 
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Numerous syiiipatLetii; ganglia, of various sizes, 
are found in connectiou with (he nerve branches iiii- 
demeatli the adventitia (peiitoneal covering), and in 
the muscular coat (F. Darwin). The epithelium lining 
the bladder is stratified transitional, aod it greatly 
varies in the shape of its cells and their stratification, 
according to the state of expanmun of the bltkdder. 
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331, (1) The teolis of man and 
veloped in a capsule of white fibroua ti 
adaata. This is the visceral layer of the tunioft 
vaginalis. Like the parietal layer, it is a sannu 
membrane, and is therefore covered with endo- 
thelium. Minute villi are occasionally seen pro- 
jecting from this membrane iuto the cavity of 
the tunica vaginalis. These villi are genraally 
covered with germinating endothelium {see pw. 33). 
Inside the tunica adnata, and firmly attached te 
it, is the tunica alh'tginea, a. fibrous connectivH 
tissue membrane of lamellar structure. Towuni? 
the posterior margin of the human testis its thick- 
ness increases, and forms there a special aocnmn' 
lation — in cross section more or less conical, -witli 
posterior basis — the mediastinum testis, or cotpna 
Highmori. 

Between the tunica adnata and tunica albu^nn 
ia a. rich plexus of lymphatics, which, on tlie one hand, 
takea up the lymphatics oi tVa ■\n\»t\w, and on ti* 
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other leads into the efferent vessels that accompany 
the vas deferens. 

The testis of the dog, cat, bull, pig, rabbit, (&c., 
have a central corpus Highmori ; that of the mole, 
hedgehog, and bat a peripheral one \ while that of the 
rat and mouse have none (Messing). 

322. The firameirmrk* — Fix)m the anterior 
margin of the corpus Highmori spring numerous 
septa of connective tissue, which, passing in a radiat- 
ing direction towards the albuginea, with which they 
form a continuity, subdivide the testis into a large 
number of long, conical compartments, or lobules, 
the basis of which is situated at the tunica albu- 
ginea, the apex at the corpus Highmori. KoUiker 
mentions that non-striped muscular tissue occurs in 
these septa. 

From these septa thin connective tissue lamellae 
pass into the compartments, and they form the sup- 
porting tissue for the blood-vessels and also represent 
the interstitial connective tissue between the seminal 
:tubules. 

This intertubular or interstitial tissue is distinctly 
lamellated, the lamellae being of different thicknesses, 
and consisting of thin bundles of fibrous connective 
tissue — arranged more or less as fenestrated mem- 
branes — and endotheloid connective plates on their 
surface. Between tiie lamellae are left spaces, and 
these form, through the fenestrse or holes of the 
lamellae, an intercommunicating system of lymph 
spaces — being, in fact, the rootlets of the lymphatics 
(Ludwig and Tomsa). 

Within the lamellae are found peculiar cells, 
which are much larger than lymph-cells, and which, in 
some instances (e.^., guinea-pig), include pigment 
granules. They contain a spherical nucleus. In man, 
in dog, cat, sheep, especially boar, these cells foim 
large, continuous groups — plates arvd c^\\xA<et\^ — ^sA 
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the cells are polyhedral, and e^cactly similar to epithe- 
lial cells. They are separated from one another within 
the group by a thin interstitial cement- substance. 
Their resemblance with epithelium is complete. They 
are remnants of the epithehal masses of the Wolffian 
body of the ffetus. 

323; The seminal tnbales (Fig. 137). — 
Within each compartment, above mentioned, lie 
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numerous seminal tubules, twisted and convoluted 
in many ways, and extending from the peripheiy to 
near the corpus Hjghmori. The tubules, as a rala, 
are rarely branched ; but in the young state, and 
especially towards the periphery, branching ia not un- 



£^b seminal tubule consists of a mgrnbrana pro- 
pria, a lining epithelium, and a lumen. The mem- 
braiM propria is a hyaline membrane, with oval nucld 
at regular interval In mBiTi it is thick and lamel- 
lated, aeveral such niicVeatei m«nAiTmvi^ \ea«j_^a]qw- 
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imposed over one another. The lumen is in all tabes 
distinct and relatively large. The lining epithelium, 
or the seminal cells, differ in the adult in different 
tubules, and even in different parts of the same tubule, ' 
being dependent on the state of secretion. 

324. Before puberty all tubules are uniform in 
this respect, being lined with two or three layers of 
polyhedral epithelial ceUs, each with a spherical 
nucleus. After puberty, however, the following 
different types can be distinguished : — 

(a) Tubules or parts of tubules similar to those 
of the young state — ^viz., several layers of polyhedral 
epithelial cells lining the membrana propria. These 
are considered as (a) the outer and (6) the inner 
seminal cells. The former are next to the membrana 
propria; they are polyhedral in shape, transparent, 
and the nucleus of some of them is in the process 
of kaiyokinesis or indirect division (see par. 8) ; 
others^ include an oval transparent nucleus. The 
inner seminal cells generally form two or three layers, 
and are more loosely connected with one another than 
the outer seminal cells, and therefore possess a more 
rounded appearanca Between these a nucleated reti- 
culum of fine fibres is sometimes noticed, the germ 
reticulum of von Ebner. But this is merely a support- 
ing tissue, and has nothing to do with ijie germina- 
tion of the cells or the spermatozoa (Merkel). The 
inner seminal cells show very abundantly the process 
of indirect division or karyokinesis, almost all being 
seen in one or other phase of it. 

325. In consequence of this, numerous small 
spherical daughter-cells are formed ; these lie nearest 
tie lumen, and are very loosely connected with one 
another. It is these which are transformed into sper- 
matozoa, and hence are appropriately called spermcUo- 
biases (Fig. 137). 

Amoi^ist the seminal cells, e&pQc\aiW^ oi caX^ %aA 
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dog, are found occasjonally but not \ery commonly, 
large mulbinuclear cells, the □ut.lei of whicli are also 
in one or tiie other stage of karyokinesis. 

(b) The mnermoat cells 1 e the spermatoTjlasts, 
become pear-shaped the oucleua being situated at the 




thinner extremity, becoming at the same time flattened 
and homogeneouH (Fig. 138). The elongation of tha 
apermatoblasta gradutdlj proceeds, and in consequenca 
of this we find numerous elongated, club-8hax)ed epa- 
matoblasts, each with a flattened nucleus at the thin 
end. Tliese are the young spermatozoa, the nucleated 
extremity being the hea/d. 

(c) At the Game time these young spennatoxM 
become grouped toget\\CT by an interstitial gitumltf 
s"6staiice, in peculiar taii.'6\\av*^ ^o-iXia-, m. these 
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groups the head, — i,e,y the thin end containing the 
fattened homogeneous nucleus, — ^is directed towards 
ike inner seminal cells, while the opposite extremity 
is directed into the lumen of the tube. Meanwhile 
the inner seminal cells continue to divide, and thus 
the groups of young spermatozoa get more and more 
buried, as it were, between them. 

326. The original cell-body of the spermatoblasts 
goes on elongating until its protoplasm is almost, but 
not quite, used to form the rod-shaped Tniddle piece 
(Schweigger Seidel) of the spermatozoa; from the 
distal end of this, a thin long hair-like fJament, called 
the tail^ grows out Where this joins the end of the 
middle piece, there is, even for some time afterwards, 
a last remnant of the granular cell-body of the original 
spermatoblast to be noticed. 

When the granular interstitial substance holding 
together the spermatozoa of a group has become dis- 
integrated, the spermatozoa are isolated. While this 
development of the spermatozoa goes on, the inner 
seminal cells continue to produce spermatoblasts, 
which in their turn are converted into spermatozoa. 

327. Spermatozoa (Fig. 139).— Fully formed 
spermatozoa of man and mammals consist of a homo- 
geneous flattened and slightly convex-concave head (the 
nucleus of the original spermatoblast), a rod-shaped 
middle piece (derived directly from the cell body of 
the spermatoblast), and a long hair-like tail. WTiile 
living, the spermatozoa show very rapid oscillatory and 
propelling movement, the tail acting as a flagelliSn or 
cilium ; its movements are spiral. 

In the newt there is a fine spiral thread 
attached to the end of the long, curved, spike-like 
head, and by a hyaline membrane it is fixed to the 
middle piece ; it extends beyond this as the long thin 
tail. Also in the mammalian and human speima- 
tozoa, a similar spiral thread, closely atW^"©^ \ft \5cka 
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middle piece, and terminating as the tail, has been ob- 
served (H. Gibbes). 

328. The seminal tubules of each compartment 
or lobule empty themselves into a short, more or less 
straight, tubule — the vas Tectum, This is narrower 




Fig. 139.— Various kinds of Spermatozoa. 

A, Rperraatozoon of guinea-pig not yet completely ripe ; b, the eame seen side- 
'ways, the head of the Bpermatozoon is flattened from side tu side ; c. a 
spermatozoon of the horse ; d, a spermatozoon of the neirt. 

than the seminal tubule, and is lined with a single 
layer of polyhedral or short columnar epithelial cells. 
The vasa recta form, in the corpus Highmori, a dense 
network of tubular channels, which are irregular in 
diameter, being at one place narrow clefts, at another 
wide tubes, but never so wide as the seminal tubules ; 
this network of channels is the rete testis. 

329. (2) The epididymis— From the rete testis 
we pass into the vasa effer&nJtia^ each being a tube 
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wider than those of the rete testis, and each leading into \ 
a. i.omcal netw ork of coiled fuhes These are the cofA a 
vasculosr The sura total of all the com vasciilo8i,| 
forma the globus mtyor or Lead of tlie epididymis 

330 The %asa efferentia. and the tubes of thai 
com vasculosi are about the size of tlie seminB] \ 
tubules, but, unlike thein, are lined with a layei 
beautiful columnar epithelial cells, with a bundle oCl 
cilm (Fig 140) Outside ^^^^g^ 

these 13 gpnerally a layer /^^^^i^s^ 

more or Ipss continuous, f 
•imall poljhednl cells Tl 
substance of the columi 

cells la distinctly lon^'ituil .*i 

nally hbnUated The rot ' 

brana propria is thickti I ' 

by the presence of a ti 

cular lajer of iion 'itnjitd ""V*!' *'i ''^ 

muscular tibrea. The rest, '^^-^^^S*'^ 

le, the globus minor, or pi^ m a tDbui„ of the epi- 

tad of the epididymis, is lajnus m ctobb aootion. 

made up of a continuation ''"."?" "'.S^r {."[""'BKuPri^^'i- 
ofthe tubea of the globus ^Jt? V^^'S^i-^p .SST.?™'; 
major, the tubes dinunisL jTcms^^'^^lK™ di'SIuGT 
ing gradually m. number by 

fusion, and at the same time thpruby becommg larger. 
The columnar epithelial celli, iacmg the lumen of the 
tubes of the globus minar, are possessed of cdia of 
unusual length. 

The tubes of the epididjmia are separated from. 
one another by a larger amount of connective tissuft' 
than those of the testis 

The tulK« of the organ of GiraldS, situated 
the beginning of the fnniLulus spermnticus, are lined 
with columnar ciliated epithebum. So is also the 
pedunculated hydatid of Morgagni attached to the 
fjJobus major 
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331. The aeminal tubules and the tubes of tlw 
epididj-mia are entwined by a rich network of 
capillary blood- veasela. Between the tubes of the 
tfistis and epididymis are lymph spacer, forming an 
intercommunicating system, and emptying tbemaelvea 
into the superficial networks of lymphatics, i.e., those 
of the albuginea ; the arraugemeat of these networks 
is somewhat different in the testis and epiiiidymia. 

332. (3) Tas deferens and reslcalee seiaw 
nales. — The tubes of the globus minor open into the 
vas deferens. This is of course much larger than 
the former, and ia lined with stratified columimr 
epithelium. Underneath this is a dense connective 
tissue mucosa, containing a rich network of capillary 
blood-vessels. Beneath this mucosa is a thin sub- 
mucous tissue, which in the Ampulla is better de- 
veloped than in other parts, and therefore allows t^e 
mucous membrane to become folded. Outside the sub- 
mucous tissue is the muscular coat, which consists of 
non-striped miiscular tisane, arranged aa an inner 
circular and an outer longitudinal sti'atum. At the 
commencement of the vas deferens there ia in addition 
aji inner longitudinal layer. There is finally a fibrous 
tissue adventitia. This contains longitudinal bundles 
of non-striped muscular tissue, known as the cremaater 
inlermts (Heiile). A rich plexus of veins — ^plexus 
pampinif onnis — and a rich plesus of lymphatic trunks, 
are situated in the connective tissue of the spermatiQ 
cord. The plexus spermaticus consists of liirger and 
smaller nerve-trunks, with which are connected small 
groups of ganglion cells and aJso large ganglionic 
swellings. 

333. In tho vesicidie temiTialeB we meet with 
exactly the same layers as constitute the wall of the 
vas deferens, but they are thinner. This refers espe- 
cially to the mucosa and the muscular coat. Thg 
former is placed in numerous folds, The lattei^jgi 
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sLsts of an inner and outer longitudinal and a middle 
circular stratum. The ganglia in connection with the 
xierve-trunks of the adventitia are very numerous. 

334. In the ductiLS ejaculatorii we find a lining of 

oolumnar epithelial cells ; outside of this is a delicate 

Xaacosa and a muscular coat, the latter consisting of 

^n inner thicker longitudinal and an outer thinner 

^iircular stratum of non-striped muscular tissue. 

When passing into the vesicula prostatica the 
^^iolumnar epithelium is gradually replaced by stratified 
^)avement epithelium. 

335. (4) The prostate irland. — Like other 
glands, the prostate consists of a framework and the 
^land tissue proper or the parenchyma. 

The frametvork, unlike that of other glands, is 
Essentially muscular, being composed of bundles of 
^on-striped muscular tissue, with a relatively small 
admixture of fibrous connective tissue. The latter 
Xs chiefly limited to the outer capsule and the thin 
Hepta passing inwards, whereas the non-striped mus- 
cular tissue surrounds and separates the individual 
^land alveoli 

336. The parencliyina consists of the chief ducts, 

\rhich open at the base of and near the coUiculus 

^eminaJis, and of the secondary ducts, minor branches 

of the former, which ultimately lead into the alveoli. 

These are longer or shorter, wavy or convoluted 

))ranch6d tubes with numerous saccular or club-shaped 

branches. The alveoli and ducts are limited by a 

membrana propria, have a distinct lumen, and are 

lined with columnar epithelium. In the alveoli there 

is only a single layer of beautiful columnar epithelial 

cells, the substance of which is distinctly and longi- 

tjiidinaUy striated. In the ducts there is an inner 

layer of short columnar cells, and an outer one of 

jsmall cubical, polyhedral or spindle-shaped cells. 

At the mouth of the ducts the stratv^ed ^^N^\!Ck^\:^ 
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epitbelium of the pars prostatica of tli« nretbiA 
pafises a short distAnce into the duct. 

The alveoli are surrounded by dense networks of 
capillary blood-vessels. 

In UiB peripheral portion of the gland numerous 
ganglia are interposed in the rich plexus of nerves. 
Also Pacinian corpuscles are to he met with. 

337. (6) The urethra. — The mucoua membrane 
of the male urethra is lined with siniple columnar 
epithelium, except at the commencement — the pars 
prostatica— and at the ejid — the fossa navicularis — 
where it is stratified pavement epithelinm. 

The mucous membrane is fibrous tissue with very 
numerous elastic fibres. Outside of it is a muscular coat 
composed of non-striped muscular tissue, and arranged 
as an inner circular and an outer longitudinal stratum, 
except in the pars prostatica and para membranacea, 
where it is chiefly longitudinal. In the latter portion 
the muscular bundles pass also into the mucous mem- 
brane, "where they follow a longitudinal course between 
large veins arranged in a longitudinal plexus. These 
veins empty themselvea into small veins outside. This 
plexus of large veins with the mascular tdsaue between 
represents a rudiment of a cavernous tissue (Henle). 

The mucous membrane forms peculiar folds sur- 
rounding the lacuuteMorgagni. There are small mucous 
glands, lined with columnar epithelium, embedded in 
the mucous membrane ; they open into the cavity of 
the urethra and are known as Littrfe's glands. 

338. (6) The uplands of Coivper. — Each gland 
of Cowper is a large compound tubular gland, which, 
as regards structure of ducts and alveoli, resembles a 
mucous gland. The wall of the chief ducts possesses 
a large amount of longitudinally-arranged non-atriped 
muscular tissue. The epithelium lining tlie ducts ta 
composed of columnar cella The alveoli ■ 
large lumen and are lined with colui 
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ceUs, the outer portioii of tbe edi being distmctly 
striated (TAngariaw). In the cell the reticnlum is 
also Hiftaart In this re^>ect the alireoli completely 
ntemble those of the sub-maxillaiy of the dog, but 
there are no real crescents in the alveoli of Cowper's 
gland. 

339. (7) The cOTp«s spoBgioram*— The cor- 
pus spongiosum of the urethra is a continuation of 
the rudimentary corpus cavemosum above-mentioned 
in connection with the pars membranacea of the 
urethra. It is essentiaUy a plexus of large veins 
arraziged chiefly longitudinally and leading into small 
efferent veins. Between the large veins are bundles 
of non-striped muscular tissue. The capillaiy blood- 
vessels of the mucous membrane of the urethra open 
into the veins of the plexus. The outer portion of 
the corpus spongiosum, including the bulbus urethras, 
shows, however, numerous venous sinuses, real caver- 
nse, into which open capillary blood-vessela 

340. The glans penis is of exactly the same 
structure as the corpus spongiosum. The outer surface 
is covered with a delicate fibrous tissue membrane, 
which on its free surface bears minute papillae, 
extending into the stratified pavement epithelium. At 
the corona glandis exist small sebaceous follicles, the 
glands of Tyson; they are continued from the inner 
lamella of the prepuce, where they abound. The 
papillae of the glans contain loops of capillary blood- 
vessels. Plexuses of non-meduUated nerve-fibres are 
found underneath the epithelium of the surface of 
the glans. With these are connected the end bulbs 
described in a former chapter as the genital nerve-end 
corpuscles. 

341. (8) The corpora cavernosa penis. — Each 
corpus cavemosum is enveloped in a fibrous capsule, 
the albuginea, made up of lamellae of fibrous con- 
nective tissue. Numerous Paciniaiv coy^\3l%q\^'& ^sx^ei 
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met with around it. The matrix of the corpus 
cavemosiim consists of trabeculie of fibrous tissue, 
between which pass buodles of non-stripeil ninscnlar 
tissue all in different directions Innumerable 
cavemtB or sinusea, intercommunicating with one 
another, are present in this matrix, capable of Buoh 
considerable repletion, that in the maximum d^ree 
of this state the sinuses are almost in contact, 
and the traheculffi compressed into very delicate 
septa. The sinuses are lined with a single layer ot 
flattened endothelial plates, and their wall in maujp- 
places is strengthened by the bundles of non-strijie^ 
muscular tissue. The sinuses during erection beconi'^ 
filled with biood, being directly contiiiuous with capLt- 
lary blood-vessels. These are derived from the arte- 
rial branches which take their course in the above 
trabeculffl of the matrix. The blood passes from the 
sinuses into small efferent Tcins. But the blood 
passes also directly from the capillaries into the 
efferent veins, and this is the course the blood takes 
under passive conditions, while during erection it 
passes chiefly into the above sinuses. 

342. In the peripheral part of the corpus caver- 
nosiim there exists a direct communication between the 
sinuses and minute arteries (Langer), but in the reet 
the arteries do not directly communicate with tlie 
sinuses except through the capillary blood-vesgek. 
In the passive state of the corpus c 
niusculiir traheculie forming part of the matrix art I 
contracted, and the niinu te arterial branches embedded f 
in them are therefore much coiled up ; these are tlw J 
arteriffi helicince. 
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CHAPTER XXXI r. 

THE FEMALE GENITAL OKUA^S. 



343. (1) The ovary (Fig. Ul,)— In the ovary, 
a other glands, the framework is to be distinguished 1 
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or longer transparent spindle-shaped cells, each with an 
oval nudsus. These bundles of spindle-shaped cells 
form, by crossing and interlacing, a tolerably dense 
tissue, in which lie embedded in special arrangements 
the Graafian follicles. Around the lai'ger examplesof 
the latter the spindle-shaped cells form more or lesK 
concentric layers. In the human ovary bundles of 
fibrous tissue are also met with. 

The spindle-shaped cells are, most probably a 
young state of connective tissue. 

Between these bundles of spintUe-^aped c^Ih 
occur cylindrical or irregular streais or groups of 
polyhedral cells, each with a spherical nucleus ; tilty 
cori'espond to the interstitial epithelial cells TUGBr- 
tioned in the testis, and they are also derived from 
the fcetal Wolffian body. 

344, According to the distribution of the Graafum 
follicles, the following layere can be distinguished in 
the ovary ;— 

(n) 77ie alhuginea. This is the most periphenJ 
layer not containing any Gi-aatiau follicleB, It is 
composed of the bundles of spindle-shaped cells, inti- 
mately interwoven. In man, an outer and inner 
longitudinal, and a middle circular, layer can be made 
out (Henle). In some mammals an outer longitudinal, 
an inner circular, or slightly oblique layer can be 
distinguished in the albuginea. 

The free surface of the albuginea is covered wili 
a single layer of polyhedral, or abort columnar granu' 
lar-looking epitheli^ cells, the germinal epith^tm 
(Waldeyer). This epithelium, in its shape and aspeo^ 
forms a marked contrast to the transparent, flattened 
endothelial plates coTering the ligamentum latum. 

345. (6) The eortiail layer (Schi-iJn). This ja ■ 
layer containing the smaJlest Graafian follicles, eittur 

:^^;^T^ated as a more or less continuous layer (c«t 
rahhit), or in small grouipB tJivaaoaY ^i{w».t6d ' " 
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BtromiL These follicles are sjAeiical <ff slightly oval, 
of tiboat y^j[ inch in di&meter, and each of them is limi- 
ts by a delicate jnembrana propria. Inside of this is 
> la^er of flattened, tnumparent, epithelial cells, each 
"ith an oval, flattened nucleua; this is the niern- 
Wia granulota. The space within the follicle is 
Meopied by, and filled up with, a spherical cell^the 
'^'naa cell, or ovum. This is composed of a granuhtr- 
''■oUng protoplasm, and in this is a big spherical, or 
slightly oval, nucleus — the germhud vegieU. The 
ibetance of this is either a line reticiilmn, limited 
'7 a delicate membrane, with one or more nucleoli 

, ^ germinal spots, or it is in one of the phases of 
indirect division or kaiyokinesis, thus indicating 

; divioMi of the ovum. 

346. (c) From this cortical layer to the zona 
'Unilosa we find embedded in the stroma isolated 

' uTufitm follicles, of various sizes, increasing from the 
former to the latter. The biggest »-**> 

; ^Uiclw measure in diameter about ^4* % 

i» incL Those of the middle layers / .-i\ 

; weofmedium size (Fig. 142). In them *- .-: ■^ 
** find inside the membrana propiia "^ wj 

■ ''j^ memhrana granulosa, roade up of a •, -- ,5/ 
""^gle layer of transparent, columnar, i»- 

Bpithelial cells. The ovum, larger than "gJSrVilK^ 
^ the small cortical follicles, fills out c«™ ""' '"^ 
it's cavity of the follicle, and is '^i^°JU±,5oSS' 
'''ttited by a thin hyaline cuticle— the K^Si^ 
*'*»ia peUttcida. This appears as an i"u>i^.°i5^"ll! 
^Qretion of the cells of the membrana I^^lti '1^ • oS, 

S'teulosa. The protopla.5m of the >^i^'°>'^&^ 
*Tim is fibrillated. The part s«r- 3iiiii»Stn^MitS 

j^linding the germinal vesicle is more " ° ""■ "* 

"•^nsparent, and stains differently in oamic acid than 

Nle peripheral part The big nucleus, or germinal 

^^BsicH i* lintit^ by a distinct mero^iT&Yie, wtA. \wBsSft 
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ihis nieniltrane is a reticulum with generally one big 
tiiicleohts or yemiinal gjrot. 

Between these uiediiun-sized follicles and the 
Bmall follicles of the cortical layer we find all int«i>- 
mediate degrees aa regards bizp of the follicle and tite 
ovum and eipecially as regards the shape of the cells 
of the luembrana gfanulosa the mtermediate sizes of 
follicles being 
lined by a gnui- 
ulosa, made up 
of a layer of 
polyhedral epi- 
thelial cells. 

347. The 
deeper Graafian 
follicles, 1.8.. 
those that are 
to be regarded 
as big follicles, 

sionally, two or 
even three om 

lar to that of 
„ ..vfnj the previoQqfol- 
h^YiDp'iS'i'tlfiiuilai^'it'iBbftiiiM'iB'fi'e cpTibeiui liclea, exocpt 

cells nl [be aiBi^uB iirDll_SL>rui Tlio MVlW ol Lh» .1 . -, - , ' 

(oiucie !• Diifd witta nuitf; tho Uguor touisiiU, that it IB larger, 

and its zona pd* 
lucida thicker. The ovum does not fill out the whrf* 
cavity of the follicle, since at one side, between it and 
the merabrana gi-anulosa, there is an albuminouB flmd, 
the rudiment of the liquor foUiculi. 

348. The biggest or most advanced foIHclee are of 
great size, eaaily visible by the naked eye, and cofr 
tain a large quantity o( \1Ar\m\v\ov folliculi (Fig, Hi). 
£a fact, the ovum occvipwiR oti'j ■». hmOJi ■^■ft. tjl 4)ii 
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SLsts of an inner and outer longitudinal and a middle 
circular stratum. The ganglia in connection with the 
nerve-trunks of 1ihe adventitia are very numerous. 

334. In the duettos ejaculatorii we find a lining of 
columnar epithelial cells ; outside of this is a delicate 
mucosa and a muscular coat, the latter consisting of 
an inner thicker longitudinal and an outer thinner 
circular stratum of non-striped muscular tissue. 

When passing into the vesicula prostatica the 
columnar epithelium is gradually replaced by stratified 
pavement epithelium. 

335. (4) The prostate irland. — Like other 
glands, the prostate consists of a framework and the 
gland tissue proper or the parenchyma. 

The frcumetvorkf unlike that of other glands, is 
essentially muscular, being composed of bundles of 
non-striped muscular tissue, with a relatively small 
admixture of fibrous connective tissue. The latter 
is chiefly limited to the outer capsule and the thin 
septa passing inwards, whereas the non-striped mus- 
cular tissue surrounds and separates the individual 
gland alveoli 

336. The parencliyina consists of the chief ducts, 
which open at the base of and near the colliculus 
seminaJis, and of the secondary ducts, minor branches 
of the former, which ultimately lead into the alveoli. 
These are longer or shorter, wavy or convoluted 
branched tubes with numerous saccular or club-shaped 
branches. The alveoli and ducts are limited by a 
membrana propria, have a distinct lumen, and are 
lined with columnar epithelium. In the alveoli there 
is only a single layer of beautiful columnar epithelial 
cells, the substance of which is distinctly and longi- 
tudinally striated. In the ducts there is an inner 
layer of short columnar cells, and an outer one of 
small cubical, polyhedral or spindle-shaped cells. 

At the mouth of the ducts the stta£S£^edL ^^uN^xci^'^ 
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350. Before meostru-ation, generally ( 
ally two or more, of the ripe follicles become very 
hyperaeniio. They grow, in consequence, very rapidly 
in size ; their liquor follicali increases to such a degree 
that they reach the surface of the ovary ; finally— 
i.e., during menstruation — they burst at a superficial 
point ; the ovum, with its disciis proligenis, is ejected, 
and brought into the abdominal ostium of the oviduct 
The cavity of the follicle collapEefi, and a certain 
amount of blood, derived from the broken capillaries 
of the wall of the follicle, ia effused into it. The follicle 
is converted into a corpits lutmtm,., by an active multi- 
plication of the cells of the granulosH, New capillft- 
ries with connective tissue oefla derived from the theea 
folliculi externa gradually grow into the interior, ie., 
between the calls of the granulosa. This growth 
gradually fills the foUicle, escept the centre; tiia 
contains blood-pigment in the shape of granules, 
chiefly contained in large ceUs, and a few new 
blood-vessels, the blood-pigment being the remain* 
of the original blood effused into the folliclft 
But, ultimately, the pigment all disappears, and a 
sort of gelatinous tissue occupies the centre, while 
the periphery — i.e., the greater part of the follicle 
— is made up of the hypertrophied granulosa, witli 
young capillary vessels between its cells. The 
granulosa cells undergo fatty degeneration, beoomiiV 
tilled with several small fat globules, which gradiiallf 
become confluent into a big globule. In this state I« 
corpus luteum is complete, and has reached the hei^ 
of its progressive growth. The tissue is then graduaUf 
absorbed, and cicatrical tissue ia left When Utf 
shrinks it produces a shrinking of the corpus liitenO- 
This represents the last stage in the life of 
Graafian follicle, TfliQ wiT^tta \tt\fcQSn of 
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follicles^ of whidi the ovvm las heen, impregiuted. 
grows to a mndi hager uat tiiaa vzuier adiear condi- 
tions, the gnundoBa tirmmfng br ovcrgrowdi moii^ 
folded 

351. l^eww§mtmmtm mtr me mTmrT mmA enm^ 
fiaM fMttdcs.^ — The gomiiial ^xxheliam o£ the 
surface ai the foetid ovarr at an eazij stage midergoes 
rapid midtiplicatkMi, in consequence of which the epi- 
thelium becomes greatfy thinkemed. The Tsscular 
stroma of the orarj at the same time increases^ and 
permeates the thiAened germinal epithelium. The 
two tissues in fact undergo mutual ingrowth, as is the 
cape in the development of all ^Umds — ^viz., the epithe- 
lial or glandular part snfl^rs mutual ingrowth with 
the vascular connective tissue stroma. 

In the case ai the ovary, larger and smaller 
islands or nests (Balfour) of epithelial ceUs are thus 
gradually difierentiated c^ from the superficial epithe- 
lium. These nests are largest in the depth, and sniallest 
near the smface. They remain in connection with 
one another and with the surface for a considerable 
period. Even some time after birth some of the 
superficial nests are still connected with the surface 
epithelium, and with one another (Fig. 143a). These 
correspond to the ovarial tubes (Pfliiger). While in 
the rabbit these nests are solid collections, in the dog 
they soon assume the character of tubular structures 
(Pfliiger, Schafer). The cells constituting the nests 
imdergo multiplication (by karyokinesis), in conse- 
quence of which the nesits increase in size, and even 
new nests may be constricted off from old ones (see 
also above). 

352. At the earliest stages we notice in tho 
germinal epithelium some of the cells becoming en- 
larged in their cell-body, and especially their nu- 
cleus ; these represent the primitive ova. When the 
germinal epithelium undergoes tliQ \.VdftVL«vx\xi% vliciKs^v\ 
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lueiitioaed, and when this thickened epithelium sepa- 
rates into the nestB and ovarial tubes, thore is a 
continued fonuatiun of primitive ova — is., cells of 
the neatB undergo the enlargement of cell-body and 




Fig IUl— From a Yertiol BectTon thiDUsli Oia OruT of & 



nucleus, by which they are converted into primitive 
ova. Like the other epithelial cells, the primitive 
ova of the neets and ovarial tubes undergo division 
into two or even more primitive ova after the mode 
of karyokineaia (Balfour). Thus each nest contains 

353. The oi'dinary small epithelial cells of the 
nests and ovarial tubes serve to foim the membrana 
granulosa of the Oraatian follicles. Accord! 
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the number of ova in a nest or in an ovarial tube 
a subdivision takes place in so many Graafian follicles, 
each consisting of one ovum with a more or less 
complete investment of small epithelial cells — i.e., a 
membrana granulosa. This subdivision is brought 
about by the ingrowth of the stroma into the nests. 

The superficial nests being the smallest, as above 
stated, form the cortical layer of the small Graafian 
follicles ; the deeper ones give origin to larger follicles. 
Thus we see that the ovum and the cells of the 
membrana granulosa are derived from the primary 
germinal epithelium; all other parts — membrana 
propria, theca externa, stroma, and vessels — are 
derived from the foetal stroma. 

There is a good deal of evidence to show that 
ova and Graafian follicles are, as a rule, reproduced 
after birth (Pfiiiger, Kolliker), although other ob- 
servers (Bischoff, Waldeyer) hold the opposite view. 

364. (2) The ovldact— The oviduct consists of 
a lining epithelium, a mucous membrane, a muscular 
coat, and an outer fibrous coat — the serous covering, 
or peritoneum. The epithelium is columnar and 
ciliated. The mucous membrane is much folded ; it 
is a connective tissue membrane with networks of 
capillary blood-vessels. In man and mammals there 
ture no proper glands present, although there are seen 
appearances in sections which seem to indicate the 
existence of short gland tubes ; but these appear- 
ances are explained by the folds of the mucous 
membrana ^e muscular coat is composed of non- 
striped muscular tissue of a pre-eminently circular 
arrangement; in the outer part there are a few 
oblique and longitudinal bundles. The serous cover- 
ing contains numerous elastic fibrils in a connective 
tissue matrix. 

355. (3) The mems— The epithelium lining 
the cavity of the uterus is a single \ayet oi cjc\\xi&x^sa 
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cfUs, each with a bundle of cilia on their free siirfaoi*. 
These are very easily detached, and therefore difficult 
to find in a hardened and preserved specimen. But 
in the fresh and well-preserved human uterus {Fried- 
lUnder), as well as in that of mammals, the cells are 
distinctly ciliated. The whole canal of the cervix is 
also lined with ciliated epithehuin, but in children, 
according to Lott, only befjinning from the middle:. 
The surface of the portio vagiuaJis uteri is, like that 
of the vagina, covered with stratified pavement epitite- 

3S6. The mucous membrane of the cervix is 
different from that of the fiuidus. In the former it is 
a fibrous tissue possessed of permanent folds — tbt- 
palmiB phcatie. Few thin bundles of non-striped mus- 
cular tissue penetrate from the outer muscular coat 
into the mucous membrane. Between the paltiU! 
pliciLt«e are the openings of minut« gland-tubes, mow I 
or less cylindrical in shape. They possess a meia- 
brana propria and a distinct lumen lined with a singln 
layer of columnar epithelial cells, which, accordiiig 
to some, are ciliated in the new-bom child, but, 1 
cording to Friedlander, non-ciliated. Goblet^sells ar* 
met with amongst the lining epithelium. Severtl 
obaervBi's (KoUifcer, Hennig, Tyler Sniith, and othu^ 
maintain the existence of minute, thin, and \wg 
vascular papilha projecting above the general sui&M J 
of the mucous membrane in the lower part of th* I 
cervix ; these apparent papillte ai-e, however, only di 
to sections through the folds of the mucous memlnKM I 
The mucous membrane of the fundus is a. spongf I 
plexus of fine bundles of fibrous tissue, covered 9: 1 
lined respectively with numeroua small endotlieliil ■ 
plates, each with an oval flattened nucleus, lb I 
apaces of this spongy substance are lyuiph-spacea, soil 
contain the glands and the blood-vessels (Leopold) 
357. The glands — ^AanAvAve ^\«rt 
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short tubular glands. They occur in the new-born 
child chiefly at the sides ; during puberty their number 
and their size increase considerably, new glands being 
formed by the ingrowth of the surface epithelium into 
the mucous membrane (Kundrat and Engelmann). 
During menstruation, and especially during pregnancy, 
they greatly increase in length. They are more or 
less wavy and branched at the bottom. A delicate 
membrana propria forms the boundary of the tube : a 
distinct IiJen is seen in the middle, Ld this is lined 
with a single layer of ciliated columnar epithelium 
(Allen Thomson, Nylander, Friedlander, and others). 

358. During menstruation the thickness of the 
mucous membrane increases, the epithelium of the 
sui^ace and of the greater part of the glands being 
destroyed by fatty degeneration, and finally alto- 
gether detached. Afterwards ite restitution takes 
place from the remnant in the depth of the glands. 
But according to J. Williams and also Wyder, the 
greater part of the mucous membrane, in addition to 
the epithelium, is destroyed during menstruation. 

llie muscular coat forms the thickest part of the 
wall of the uterus ; it is composed entirely of the non- 
striped variety. 

In the oomua uteri of mammals the muscular 
coat is generally composed of an inner thicker circular 
and an outer thinner longitudinal stratum, a few 
oblique bundles passing from the latter into the 
former. In the human uterus the muscular coat is 
composed of an outer thin longitudinal, a middle 
thick layer of circular bundles, and an inner thick 
one of oblique and circular bundles. Within these 
layers the bundles form plexuses. 

359. The arterioles in the cervix and their capil- 
laries are distinguished by the great thickness of their 
walL The mucous membrane contains the capiUa/ry 
nettvorka. These discharge their blood mt^ n^\s& 
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situated in tUe muscular coat, Thei-o the i-eiws are 
very numerous, and arranged in rfeiwe pUxiiaei, those of 
the outer and inner stratum being smaller than those 
of the middle stratum, where they correspond to huge 
irregular sinuses, the bundles oi muscular tissue of 
the muscular coat giving special Bnp])ort to these 
sinuses. Hence the plexus of venous sinuses of the 
middle stratum represents a sort of eavemous tissue. 

860. The Ifntphatlcs are very numerous ; in 
the intermuscular oonneotivo tissue of the niuseular 
coat are lymph sinuses and lymph clefts forming an 
intercommunicating system ; they take up the lyutph 
sinuses of the mucous membrane above mentioned, 
and on the other hand lead into a. plexus of lymphatic 
vessels with valves, situated in the subserous conneo- 
tive tissue. 

The nerrcs entering the mucous membrane are 
connected with ganglia. According to Lindgren, there 
is in the mucous membrane a plexus of non-mednUated 
nerve-fibres, which, near the epithelium, break up 
into their constituent primitive fibrillse. 

361. (4) The vagina— The epitheliuin liaiiig 
the mucous membrane is a thick, stratified, pavement 
epithelium. The superficial part of the mucous mem- 
Iffane — i.e., the mucosa— is a dense, fibrous, connective 
tissue with numerous networks of elastic fibres ; it 
projects into the epithelium in the nhape of numeroiu 
long, single or divided papillie, each with a simple or 
complex loop of capillary blood-vessels. Tlie muco* 
■with the covering epithelium projects above the gesfr 
ral surface iu the shape of longer or shorter, cchhoiJ 
or irregular, pointed or blunt, permanent folds — tin 
rugffi. These contain a plexus of large veins, bQtWMB 
which are bundles of non-striped nioscular tissue; 
hence they resemble a sort of cavernous tissue. 

Outside of the mucosa is the loose subnmeon 
oontaining a second v&nauA ^\fflmA~, \Xa uiwhee an 
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elongated and parallel to the long axis of the vagina. 
Outside of the submucous tissue is the muscular coat, 
consisting of an inner circular and an outer longitu- 
dinal stratum of non-striped muscular tissue. Oblique 
bundles pass from one stratum into the other. From 
the circular stratum bundles may be traced into the 
submucosa and mucosa. A layer of fibrous tissue 
forms the outer boundary of the wall of the vagina, 
and in it is the most conspicuous plexus of veins, the 
plexus venosus vaginalis. This plexus also contains 
bundles of nonnstriped muscular tissue, and therefore 
resembles a cavernous tissue (Gussenbaur.) It is 
not quite definitely ascertained whether or not there are 
secreting glands in the mucous membrane of the 
vagina. Von Preuschen and also Hennig deKcril)ed 
tubular glands in the upper part of the fornix and in 
the introitus. 

The lymphatics form plexuses in the mucosa, sub- 
mucosa, and the muscular coat. Tlie first are small 
vessels, the second are larger than the third and possess 
valves. The efferent vessels form a rich plexus of 
large trunks with saccular dilatations in the outor 
fibrous coat. 

There are in the mucous membrane solitary lymph 
follicles and diffuse adenoid tissue (Loevenstein). 

Numerous ganglia are contained in the nerve 
plexus belonging to the muscular coat. 

End bulbs in connection with the nerve-fibres of 
the mucosa have been mentioned in Chapter XY. 

362. (6) The iiretlira.n— The structure of the 
female urethra is similar to that of the male, except 
that the lining epithelium is a sort of stratified tran- 
sitional epithelium, the superficial cells being shorty 
colunmar, or club-shaped ; imdemeath this layer aro 
several layers of polyhedral, or cubical cells. Near- 
the orificium externum the epithelium is stratified 
pavement epithelium. 
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The muscular coat is composed of an inner longi- 
tudinal, and an outer circular, layer of iion-Btriped 
muscular tissue. 

363. (G) The nymphee, clitoris, and vest»- 

bnlam. — These are lined with thick Btratitiod epi- 
thelium, underneath is a fibrous counective tissue 
mucous membrane, extending into the epithelium in 
the shape of cylindrical papillie with capillary loops 
and nerve-endings (end bulbs). The nymphffi contain 
large sebaceous foUicles, but no hairs. 

The nymphee contain a plexus of large veins with 
bundles of non-striped muscular tissue ; hence it re- 
sembles a cavernouB tissue (Oassenbaur). The corpora 
cavernosa of tlie clitoris, the glan^ clitoridis, and the 
bulbi vestibuli, correspond to the analogous parts in 
the penis of tlie male. The glands of Bartholin corre- 
spond in stnicture to the glands of Cowper in the 
male. 
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364. This, like other glands, consists of a fi 
work and parenchyma. The former is lamellar fibrom 
connective tissue subdividing the latter into lobes and 
lobules and containing a certain amount of elastic 
fibres. In some animals (rabbit, guinea-pig) there are 
also small bundles of non-striped muscular tissue. 
From the interlobular aepta fine bundles of fibrouc 
tdasue with branched connective tissue corpuscles pas 
between the alveoli of the gland substance. He 
amount of this interalveolar tissue varies in different 
places, but in the acUvu gland is always relatively 
ty. 
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Migratory or lympli corpuscles are to be met with 
in the mteralveolar connective tissue of both active 
and resting glands. In the latter they are more 
numerous than in the former. According to Creighton, 
they are derived, in the resting gland, from the epi- 
thelium of the gland alveolL Granular large yellow 
(pigmented) nucleated cells occur in the connec- 
tive tissue, and also in the alveoli of the resting 
gland, and Creighton considers them both identical, 
and derived from the alveolar epithelium. And 
according to this author, the production of these cells, 
'would constitute the principal function of the resting 
gland. 

The large d^ucU as they pass from the gland to 
the nipple, acquire a thick sheath, containing bundles 
of non-striped muscular tissue. These latter are de- 
rived from the bundles of non-striped muscular tissue 
present in the skin of the nipple of the breast. 

The small ducts in the lobules of the gland tissue 
possess ^ membrana propria, and a lining — a single 
layer of longer or shorter columnar epithelial cells. 

The terminal branches of the ducts, t.e., just before 
these latter pass into the alveoli, are lined with a 
single layer of flattened pavement epithelium cells ; 
they are analogous to tKe intermediary portion of the 
ducts of the salivary glands (see Chap. XXII.). 

365. Each of these terminal branches divides and 
takes up several alveoli (Fig. 144). These are wavy 
tubes, saccular or fla{;k-shaped. The alveoli are 
larger in diameter than the intralobular ducts. Each 
alveolus in the active gland has a relatively large 
cavity, varying in different alveoli ; it is lined with a 
single layer of polyhedral, granular-looking, or short 
columnar epithelial cells, each with a spherical nucleus ; 
a membrana propria forms the outer limit. This mem- 
brana propria, like that of the salivary, lachrymal and 
other glands, is a basket-work of brancYied. c^^&. 



2^^ 



Elements of Histology. [Cinp. x>[xiii. 



In the active gland each epithelial cell is capable 
of forming in its interior one or more smaller or larger 
oil globules. These may, and generally do, becmne 
confluent, ani], pressing the nucleus towards one side 
of the cell, give to the latter the resemblance <A a lat- 
celL The oil globules are finally ejected by the cell- 
protoplasm into the lamen of the al?eoIuEi, and lepre- 



Fig. 1*4. - 







sent now the inVk globules. The cell i 
former solid character, and commences again to form 
oil globules in its protoplasm. The epithelial oells, 
aa long as the secretion of milk loste, go on again 
aad again forming oil globules in the pbove manner 
without being themselves destroyed (Langer). These 
milk globules, when in the lumen of the alrecJJ, are 
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oiTidaped in a lifjintr cotide — the mllyiuniii 

IxBiie of Aicfaenan. Hos loembniie tlier nmT^ 

from the eeH protoplaaii. 

Aoooidiiig to the gtmie cf aecretkm, most efatMiml 
f9dk HmDg an aireohis may be in the condition <tf 

foming <iil ^obnles, or only some of tliem; and 
^oocxdingto t£e nte in wbich milk giobnles are lbnn«d 
^nd earned awaj, tlie alTocdi differ in the number of 
^nilk globules tiiqr oontein. 

Aooording to Sdumd, the epithelial cells, after 
tiaving secreted milk globules for some time^ finally 
T)reak np, and are r^laoed by new epithelial cells 
derived by the division of the other still active 
epithelial oeUsL 

366. The resting g^and, «.«., the gland of a non- 
pregnant or non-sackling individual, contains, compara- 
tively speaking, few alveoli, but a great deal of fibrous 
connective tissue ; the alveoli are all solid cylinders, 
containing within the limiting membrana propria 
masses of polyhedral granular-looking epithelial cells. 
During pregnancy these solid alveoli undergo rapid 
multiplication, elongation, and thickening, owing to 
the rapid division of the epithelial cells. 

Finally, when milk secretion commences, the cells 
occupying the central part of the alveolus undergo the 
fatty degeneration just like the peripheral cells, but 
they, t.e., the central cells, are eliminated, while the 
periphersd ones remain. These central cells are the 
colostrum corpuscles^ and consequently they are found 
in the milk of the first few days only. 

367. Ordinary milk contains no colostrum corpus- 
cles, but only milk globules of many various sizes, from 
the size of a granule to that of a globule several times 
as big as an epithelial cell of an alveolus of the milk 
gland. These large drops are produced by fusion of 
email globules after having passed out of &v^ ^vwAv 
Each milk globule is an oil globuVa B^3lYT0^3ixA^^ ^ 

8 
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stated above, by a t.liin a-lburainous envelojie^Aticher- 
fion's niembraDe. The small bits of granular aubstance 
met with here and there, are probably the remains of 
broken-down protoplaBm of epithelial cells. 

368. Each gland alveolus is surrouDded by a dense 
■networh of capillaTy Uood-veteels. The alveoli are 
surrounded by lyw.ph spaeeg like those in the ealivary 
glands (Coyne) and these apa^^es lead into networks of 
iymphalic vessels of the interlobular connective tissue 
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THE SKIN. 

369. The skin consists of the following layers 
(Fig. 145):— (1) the epidermis; (2) the coriuin, or 
cutis vera, with the papillie ; (3) the subcutaneoua 
tiasne, with the adipose layer or the adipose tissue. 

370. (1) The epidvrmis (Fig. U), in all its 
constituent elements, ba« beea minutely described in 
Chapter HI. Its thickness varies in different parts, 
and is chiefly dependent on the variable thickness of 
the Gtratuni comeum. This is of great thickness in 
the palm of the hand and the sole of the foot. The 
stratum Malpighii tits into the depresaons between 
the papillaa of the eorium aa the iDterpapillary pro- 
cesses. The presence of prickle cells, of pigment 
granules, and of branched interstitial nucleated cells, 
ifcc., has been mentioned in Chapter III. 

There occur in the stratum MaJpighii migrat<Hy 
lis of granular aspect; they appear to migrate frolD 
the papillary layex of the eorium into the Btrfttnin 
Malpighii (Bieaiadecki), 

371. (2) The Korinm is a dense feltworfc of 
fibi-ous connective tissue, with a laip 
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admixture of networks of elastic fibres. From the 
surface of the conutn project small conical or cylin- 
drical papUiee. These are best developed in those 
parts where the sk n la thick, e.g., volar side of 
band and foot, scalp lips of mouth, && Between 
the sorfoce of the oonum and the epidermis there 
IS a basement membrane Mif^mtory cells, with and 
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without pigment granules in their inferior, are met 
with, especially in the superficial part of the corium ; 
they, as well as the fixed or branched connective 
tissue corpuscles (see par. 40), and other structures, as 
vessels and nerves, lie in the interfascicular spaces. 

372. (3) The superficial part of the subcDta- 
ne*us tlBHie iusengibly merges into the deep part of 
the corium ; it consists of bundles of fibrous connective 
tissue aggregated into trabeculte crossing one another 
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and intfrlacing in a coraplex manDer. Numerous 
elastic fibres are attached to tJieae trabeculB. It con- 
taiuB groups of fat cell», in mruij places arranged as 
more or less continuous lobules of fat tissue, forming 
the slraiura. adiposum. These lobules are separated 
by septa of fibrous connective tissue ; their structure 
and development^ and the distribution of the blood- 
vessels amongst the fat cells, have been described 
in par. 45. The deep part of the subcutaneous tissue 
is loose in texture, and contains the large vascular 
trunks and the hig nerve branches. 

373. The superficial part of the subcutaneoun 
tissue, or, aa some have it, the deep part of tJ]e 
corium, contains the sudoriparous or sieeal glands. 
Kach glattd is a single tube coUed up into a dense 
clump of about -jL of an inch in diameter — in some 
places, as in the asilla, reaching as much as six times 
this size. From each gland a duct — the sydori- 
fermie cantZ—passes through the corium in a slightly 
wavy and vertical direction towards the epidermis ; 
it peneti-ates more or less spirally through the inter- 
papillary process of the stratum Malpighii and th's 
rest of the epidermis, and appears with an open mouth 
on the free surface of tlie sltin. 

The total number of sweat glnnds in the human 
efcin has been computed by Krause to be over two 
millions ; but it varies greatly in different parte of the 
body, the largest number occurring in the palm rf 
the hand, the next in the sole of the foot, the next 
on the dorsum of the hand and foot, and the smallest^ 
in the skin of the dorsum of the trunk. 

374. The sudoriferous canal and the coiled tube 
poasess a distinct lumen ; this is lined with a delicate 
cuticle, especially marked in the sudoriferous canal 
and Id the commencement of the coiled tube. In the 
epidermis the lumen bordered by this cuticle is ^ 
thpii IB present of the sudoriferous canal. It 
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a continuation from tlie middle layer of the stratum 
Malpighii and from the basement membrane ; the 
former is the lining epithelium, tie latter the limiting 
membrana propria of the sudoriferous canal. "" 
epithelium consists of two or three layers o£ 
polyhedral ceils, each with a spherical or oval nuclt 




1 



37B, The structure of the sutloriferous canal is 
then — a limiting membrana propria, an epithelium 
composed of two or three layers of polyhedral cells, an 
int^nal delicate membrane, and, finally, the central 
cavity, or Imnen. 

liie first part — about one-third or one-fourth — 
of the coiled tube (fig- H6) is of the same struc- 
tare, nod is directly continuous with the sudoriferouB 
canal, with which it is identical, not only in structure, 
but in size. The remainder of the coiled tube— ».«., 
the distal part — is larger in diameter, and differs in 
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these esseotial respects, that its epithelium is a single 
layer of transparent columnar cells, and that thei* 
is between this and the limiting niembrana propria 
a layer of ■norirtVrvptd mtucle celU (KoUiker) arrangad 
parallel with the long axis of the tube. In some 
places, as in the palm of the hand and foot, in the 
scrotum, the nipple of the breast, the acalp, but 
especiallj in the h villa., this distal portion of the coiled 
tube is of very great length and breadth, and its 
epithelial cells contain a variable amount of granules. 
It appears to me that the cells resemble in this 
respect those of the serous salivary glands and the 
eliief cells of tlie gastric glands {Langley), inasmucli 
as they produce in their interior larger or smaller 
granules which are used up during seci'etion, from the 
jieriphei'y towai'ds tlie lumen. 

376. The 4ierunilnou§ i-lands of the meatuti 
auditorius extemus are of the same structure as tlie 
distal portion just described, except that the inner 
part of the cell protoplasm of tlie epithelium contains 

I yellowish or brownish pigment, found also in their 

I secretion, i.e., in the wax of the ear. 

; Around the anus there is an elliptical zone, in the 

skin of which are found large coiled gland tubes — the 

, cireuTnanal glands of A. Gay — which are identical in 

structure with the distal portion of the sweat gland 

I 377. The sweat glands develop as a solid cylin- 

drical outgi'owth of the stratum Malpighii of ihe 
epidermis, which gradually elongates till it reaches 
the superficial part of the subcutaneous tissue, where it 
commences to coil. The lumen of tiie tube ia of 
later appearance. The membrana propria is derived 
from the tis;sue of the cutis, but the epithelium and 
muscular layer are both derived from tlie origlnul 
outgrowth of the epidermia 

I 378. The halr-folUcles (Fig. 147).— Th?^^L 



almost eTSrywhere conUma cvlindr cal foUiclei, planted J 
more op Ifaa near to one anotl er and in groups. Ixt I 
each of them ib fixed the root of a hair ; that palt 1 




of the hair which projects beyond the general BurfaM '1 
of the skin is the shaft. I 

A very few places contain no hair-follicles, sudt I 
for instance, as the volar side of the hand and foot^ J 
and the Bkin of the penis. 

In size, the hairs and hair-follictes diiFer in diffi 
rent pitrta. Those of the scalp, the cilia of the eyelid^ I 
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Che hairs of the axilla and pubic region, those of 
the niale whiskers and moustache, are coai'se and 
thick, whiJe the hairs of other places — e.g., the skin- 
surface of tie eyelids, the middle of the arm and 
forearm, &c. — are very minute ; but, as regards atruo- 
ture, they are all very much alike. 

379. A complete hair and b air-follicle— that ia, the 
papillary hair of Unna— shows the following stnic- 

The hair-foUicle. Each hair-follicle commences 
on the free surface of the skin with a funnel- 
shaped opening or tnouth; it passes in an oblique 
direction through the corium into the subcutaneous 
tissue, in whose middle strata — i.e., in the stratum 
adipoEum — it terminates witli a slightly enlai-ged 
extiemity, with which it is invaginated over a rela- 
tively small fungus-shaped papilla. This latter is of 
fibrous tissue, containing numerous cells and a loop of 
oapillary blood-vessels. 

Minute hairs do not reach with their follicles to 
such a depth as the large coarse hairs, ttie former not 
extending generally much farther than the deep part 
of the corium. Degenerating and imperfect hairs 
(see below^ also do not reach to such a depth as the 
perfect large hair-follicles. In individuals with 
"woolly" hair — e.g., the negro race (0. Stewart), and 
in animals with " woolly " hair, such as the fleece of 
sheep — the deep extremity of the hair-follicle is 
cwved, sometimes even slightly upwards. 

330. The structure of a hair-follicle ia as foUowa 
(Fig. Ii8) ; There is an outer coat composed of 
fibrous tisaue ; this is the fibrous coat of the half- 
aae. It ia merely a condensation of the surround- 
ing fibrous tissue, and is continuous with the 
papilla at the extremity of the hair-follicle. About 
tlie end of the hair-foUicle, or sometimes as much 
as in the lower fourth, there is inside of this 
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fibrous layer of the bairsac » single continuous 
layer of tnmeversely or mrcularly-arr<mgel tptndle 
a/taped cells, each with an oval flattened or et&ff 
shaped nucleus completely resembling and generally 
considered to be, 

noD striped mus- ' ^-'''~— "^""^[^"•'.^ 

cle cella. Inside i -'=' ~ =^ 

of this layer of 
the haiF-sac is 

a glassy looking / i ' ' 

hyaline basement j , ) 

membrane, which u ' \' 

IS not very dis * i 

tinct in minute ^ ' 

hairs but is suffi <^'' 
ciently conspicu 
ouB m large adult ^ 
folliclei 



This alasw mem "^ 

I- »/ ;» ■ Fig, 14a-CroM Smtion tiirough a Hnn 

OraJie, as it is gad Hair Follicle. 



called, is a direct «. Murflw ei 

continuation of e^H^iri ii 

the basement 

membrane of the 

surface of the corium, and it can be traced as a 

membraiie also over the surface of the liair-papilla. 

381. Next to the glassy meaibrane is the outer 
root-sheatk, the moat conspicuous part of the bair-fol- 
licle. n consists of a thick stratified epithelium of 
exactly tbe same nature as the stratum Malpighii of 
the epiderniiB, with which it is directly continuous, 
and from which it ia developed In the outer root- 
sheath the layer of cells next to the glassy membrane 
is columnar, just like the deepest layer of cella in the 
stratum Malpighii ; then follow inwards several layers 
of polyhedral cella; and, finally, flattened nucleated 
scales form the innermost boundary of the outer root- 
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sheath. The stratum gmnulosuiu of Uie Etratum 
Malpighii ia not continued beyond the mouth of the 
hair.follicle, but there it is generally very marked. 
The outer root-sheath becomes greatly attenuated at 
the papula — in fact, ia there continuous with the cells 
constituting the hair-bulb. 

382. The centj* of the hair-folIic!e ia occupied bj 
the root of Hie hair, which terminates with an en- 
larged extremity- — the hair-hulb ; this grasps tJie 
whole papilla. The hair-bulb is composed of poly^ 
hedral epithelial cells, separated from one another 
by cement substance, and continuous with the celli 
of tie extremity of the outer root-sheath, from 
which they originate in the first instance ; just over 
the papilla there is a special row of short colummir 
cells, which are in an active state of multiplication, 
and by which continuously new cells are formed. 
Tliua a gradual shifting of the cells of the hair- 
bulb upwards into the cavity of the hair-follicle— 
I.e., the hair — takes place; but at the same tdme 
these progressing cells become elongated, spindle- 
shaped, and constitute the cells of the hair suhstanot, 
except in the very centre, where they remain poly- 
hedral, so aa to represent tlie cells of the marrow of 
the liair, and in Uie periphery, where they remain 
more or less polyhedral, so as to form the irmer root- 
ikeatli,. 

383. The root of the hair, except at the hair- 
bulb, shows the following parts: The aubUance oftlte 
hair, the cuticle, and the inner rool^heatii. The 
substance of the hair is composed of the hair ^fibret, 
i.e., long thin fibres, or narrow long scales, each com- 
posed of hyaline horuy substance, and possessed of 
a. thin Btaff-shaped remnant of a nucleus. These 
are held together by a certain amount of interstitial 
cement substance, Towaids the bulb they gradually 
change into the spindle-shaped cells above 
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tioned. They can be isolatM 1)^ strong aciJa und 
Eklkalies. In pigmeuted hoira there occur numerous 
pvfmerU granulet between the hair fibres, but also 
diffiited pigment in their suhstiLOce. The same is 
noticed with reference to the huir-bulb— viz., pigment 
granules being present in the intercellular cement, 
and pigment also in the ceU substance. In the centre 
of manj haira is a cylindrical space, contaimng gene- 
rally one row of polyhedral cells, which are, to a great 1 
extent, fille-d with air, and, in pigmented hair, also ] 
with pigment granules. 

38-1, On the surface of the hair subatance is a thin 
cuticle, a single layer of horny non nucleated hyahne 
scales arranged more or less transversely they are 
imbricated, and, according to the degree of inihnca- 
tiOD, the cuticle shows more or less 
, marked projections, which give to the 
circamfra^noe of the hair the a] pear 
ance of minute teeth, like those of a saw 

385. The inner root-sheath m well 
formed, thick hairs, is very diatuict, 
and consists of a dehcate ciUicU. next 
to the cuticle of the hair the 
inner, - or Huxlei/'s, layer, wl n-1 
single, or somedmee douMe la 
homy cubical cells, each with a i 
nant of a nucleus; and, finally . 
outer, or Ilenle'g, layer — a single layer 
of non-nucleated homy cubical cells 

The Shan or the hair (Fig. 
1 49), or the part projecting over 
the free surface of the skin, is of 
exactly the same stnicture as the root, except that it 
possesses no inner root-sheath. 

386. Aa mentioned above, at the hatr-hulb the 
polyhedral cells constituting this latter gradually ]>asa 

^^o the different parts of the hair — ie., marrow-sub- 
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Btanoe, cuticle, and inner root-slieatli — and the con- 
tinual new production of cells over the papilla causes a 
gradual progression and con- 
version of the ceils, and a 
corresponding growth in 
length of the hair shaft. 

Pigmented haira, as men- 
tioned altove, contain pig- 
ment gi'sn ules l^tween— ». «. , 
in the interstitial substance 
cementing together — the 
liair fibres, and diffuse pig- 
ment in their substance. 
According to the amount 
of these pigments, but es- 
pecial I y of the interstitial 
pigment granules (Pincus), 
the colour of the hair is of 
a greater or lesser dark 
tint. In red hairs there in 
chiefly diflijse pigment. In 
white or fair hairs neither 
the one nor the odier 
pigment is present ; in grey 
there is air at least in 
the Buperficiftl layers of the 
hair substance, besides ab- 
sence of pigment. 

Sleek haira are circu- 
lar, curly oval, 

. 387. New 

of hair (Fig. 

[ii?h»jr%'S" Eveiy hair, be it line and 

Xr™'"™™™ short or thick and long, 

iteMT^Urowth "iider normal conditions, 

has only a limited 
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tence, for its hair-follick^ indadiDg tiie papilla. 90c«^«:r 

or later undergoes degenermdon, a&d snb^^ir^nent to 

^ a new pi^nlla and a new hair are formed in its 

plaoa What happens is this — tbe lower pArt of 

the hair-foUide, including the papilla ^nA Lair-balb. 

{generates and is gradnally absorbed. Then there 

^ left only the upper part c^ the follicle, and in 

the centre of this is the remainder — iL«.. non-degene^ 

^^^ portion — of the hair root The fibres of this are 

^ the extremity fringed out and lost amongst the 

^Us of the outer rocSt-sheath of the follicle. Tnis 

^presents the hair-hmh (Henle). Now, from the 

.^^ter root^eath a cylindrical outgrowth of epitbe- 

^ cells into the depth takes place; against the 

^tr^nity of this a new papilla is made. In con- 

^^ction with this new papilla, and in the centre of 

^^t cylindrical outgrowth, a new hair and hair-bulb 

7^ formed, and as these gradually grow outwards 

^'^urds the surface they lift, or rather push, the old 

^ir — »wC, the hair-knob — out of the follicle. The 

^ter part of the follicle of the old hair persists. 

Thus we find in all parts of the skin where hairs 
T^kmr, complete or papillary hairs side by side ^ith 
^^generating hairs, or hair-knobs. 

388. DevelopmeDt of liair.— In the human 
^tus the hair-follicles make their first appearance about 
^l^e end of the third month, as solid cylindrical out- 
Stt>wths from the stratum MalpighiL This is the rudi- 
ment of the outer root-sheath. After having ])ene- 
trated a short distance into the corium, this latter be- 
comes condensed around it as the rudiment of the hair- 
sac, and at the distal extremity forms the papilla 
growing against the outer root-sheath and inva- 
ginating it. In connection with the papilla a rapid 
multiplication of the epithelial cells of this exti-emity 
of the outer root-sheath takes place, and this forms the 
hair-bulb, by the multiplication of whose cells the hair 
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and tho inner rcuat-Rheath are formed. As growth 
and multiplication proceed at the hair-bulb, so the 
new hair, with its distal-pointed enct, graduallj reaches 
the outer surface. It does not at once penetrate the 
epidermis, but remains growing and burrowing its 
way for some time in the stratum comenm of tie 
epidermis in a more or less horizontal direction. 

389. In many mammals occur, amongst ordinary 
haira, special large haii-s, with huge hair-foUicips 
planted deeply into the Bubcutaneous tissue ; such 
are the big hairs in the skin about the lips of the mouth 
in the dog, cat^ rabbit, guinea-pig, mouse and rat, kn. 
These are the tactile hairg. Their hair-fol!icle pos- 
sesses a thick hair-sac, in which are contained lai^ 
sinuses intercommunicating with one another and 
with the blood system ; these sinuses are separated by 
trabecule of non-atriped muscular tissue, and rapre- 
sent, therefore, a cavernous tissue. The papilla ia 
very huge, and so is the outer rootsheath and the 
hair-root in all its parts. There are vast numbers of 
nerve-fibres, distributed and terminating amongst the 
cells of the outer root-sheath (Amstein). 

390. With each hair-follicle is connected one or 
two eebnceoug foUidet. These consist of several flask- 
shaped or oblong alveoli, joining int-o a common short 
duct opening into the hair-follicle near the surface — 
i.e., that part called the neck of the hair-follicle. 

The alveoli have a limiting membrana propria; 
next to this is a layer of small polyhedral, granular- 
looking, epithelial cells, each with a spherical or ova! 
nucleus ; next to this, and filling the entire space of 
the alveolus, are large polyhedral cells, each with a 
spherical nucleus ; the cell-stibstance is filled with 
minute oil-globules, between which is left a sort of 
honeycombed reticulated stroma. The oells nearer to 
the centre of the alveolus are the largest. To- 
wards the duct they become shrivelled up inte-^ 
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amorphous mass. The duct itself is a continuation of 
the oater root-sheath. 

As multiplication goes on in the marginal layer of 
epithelial cells — ».«., those next the membrana propria 
— the products of this multiplication are gradually 
iihifted forward towards the duct, and through this 
into the neck and mouth of the hair-foUicle, where 
t;hey constitute the elements of aebwni. 

There is a very characteristic misproportion be- 
t^ween the size of the hair-follicle and that of the 
Sebaceous gland in the embryo and new-bom, the 
sebaceous gland being there so large that it forms the 
^nost conspicuous part, the minute hairs (lanugo) being 
c^tiiatedf as it were, in the duct of the sebaceous 
:€ollicle. 

391. In connection with each hair-follicle, espe- 
^2ially where they are of good size-^as in the scalp — 
'there is a bundle, or rather group of bundles, of non- 
striped muscular tissue ; this is the arrector pili. It is 
:inserted in the hair-sac near the bulbous portion of the 
liair-follicle, and passes in an oblique direction towards 
tihe surface of the corium, grasping, as it were, on its 
>j7ay the sebaceous follicle, and terminating near the 
papillary layer of the surface of the coriuin. The 
arrector pili forms with the hair-follicle an acute 
angle — ^this latter being planted into the skin in an 
oblique direction, as mentioned above — and conse- 
quently, when the arrector contracts, it has the effect 
of raising the hair follicle and hair (cutis anserina — 
"goose's skin'*), and of making the hair assume a 
more upright position (causes it, as we say, to '^ stand 
on end"). At the same time, it compresses the 
sebaceous follicle, and thus facilitates the discharge of 
the sebum. 

392. The corium of the scrotum, of the nipple of 
the breast, of the labia pudendi majora, and of the 
penisy contains numbers of bundles of non-striped 
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^y which the nail-mairix passes into the surrounding 

skin. 

394. The tvbstafice of the nail is made up of a 
^ge number of strata of homogeneous homy scales — 
^6 natA<^22»-— each with a staff-shaped remnant of a 
Nucleus. 

The corium of the nail-bed is highly vascular ; it 

18 firmly fixed by stiff bands of fibrous tissue on the 

f^bjacent periosteum; it is covered with a stratum 

''^^pighii of the usual description, except that the 

^^^tum granulosum is absent in the nail- matrix, but 

^ present in a rudimentary state in the rest of the 

^^-bed. The nail itself represents the stratum 

^^dum, of course of exaggerated thickness, situated 

P^er the stratum Malpighii of the nail-bed. There 

^0 stratum comeum over the naiL 

The stratum Malpighii and corium of the nail-bed 

^^ placed into permanent minute folds, and the nail 

j^^^sesses on its lower surface corresponding linear 

^^entations. 

- 395. In the foetal nail-bed the stratum Malpighii 
^ covered with the usual stratum lucidum and stratum 
J^ineum, but the former is the larger; by a rapid 
^Vdtiplication of the cells of the stratum Malpighii, 
'^^d a conversion of its superficial cells into the scales 
^^ the stratum lucidum, the foetal nail is produced. 
A.t this early stage the nail is covered by stratum 
^meum. By the end of the fifth month the margin 
breaks through this stratum comeum, and by the 
^venth month the greater part has become clear 
Of it. 

396. The blood-vessels of the sl£m.~The 
blood-vessels are arranged in different systems for the 
different parts erf the skin (Tomsa) : — 

(a) There is, first, the vascular system of the 
adipose tissue, differing in no way from the dis- 
tribution of blood-vessels in fat tissue of other places. 
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(6) Then there is the vascular aystem of the hair- 
follicles. The papilla has a capillary loop, or rather 
a minute arteriole, a capillary loop, and a descending 
vein, and the fibrous tissue of the hair^ac poaseases 
capillaries arranged as a network -with elongatad 
meshea, with its afferent arteriole and efferent vein. 

(e) The sebaceous follicle haa its afferent arteriole 
and efferent vein, and capillary networks surrounding 
the alveoli of the gland. The arrector pili and other 
buDdles of non-striped muscular tissue possess capil- 
lary networks with elongated meshes. 

{d) The sweat-glands have an afferent arteriole, 
from which proceeds a very rich network of capil- 
laries, twining and twisting round the gland-tuba 
The duct possesses its ^parate afferent arteriole and 
capillaries, forming elongated meshes. 

(19) The last arterial bi-anches are those that reach 
the surface of the corium, and there break up into a 
dense capillary network with loops for the papillffi. 
In connection with these capillaries is a rich plexus of 
veins in the superficial layer of the corium, 

(/) In the nail-bed are dense networks of capil- 
laries, with loops for the above-named folds. 

397, The lymphntfcs — There are networks of 
lymphatic vessels in all strata of the akin ; they are, 
more or less, of horizontal expansion, with oblique 
branches passing between them. Their wall is a 
single layer of endothelial cells, and some of them 
possess TOlves. Those of the surface of the corium 
take up lymphatics of the papillae. The subcutaneous 
lymphatics are the biggest. The fat tissue, the sweat- 
glands, and the hair-follicles possess their own lym- 
phatic clefts and siniises. The interfascicular spaoea 
of the corium anil subcutaneous tissue are directly 
continuous with the lymphatic vessels in these 

398, The nerves.— The nerve-branches breaJtJU^ 
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into a dense plexus of fine nerve-fibres in the super- 
iicial l^yer of the corium. This plexus extends hori- 
zontally, and gives off numerous elementary fibrils 
to the stratum Malpighii, in which they ascend verti- 
oally and in a more or less wavy fashion towards the 
Btratum lucidum (Langerhans, Podkopaeff, Eberth, 
^imer, Ranvier, and others). According to some, they 
t^^rminate with a minute swelling ; according to others, 
^liey form networks ; but they always remain between 
"t^^e epithelial cells. 

lie subcutaneous nerve-branches of some places 
'^^ — ^palm of hand and foot and skin of penis — give 
^^ff single medallated nerve-fibres, terminating in a 
Pacinian corpuscle, mentioned in a former chapter. 
in the volar side of the fingers and toes there occur 
ill some of the papillae of the corium the tactile or 
^]tf eissner's corpuscles, each connected with one or two 
^nedullated nerve-fibres, as described in a previous 
chapter. The outer root-sheath of the hair-follicles 
^^ntains the terminations of fine nerve-fibres, in the 
%hape of primitive fibrillae (Jobert, Bonnet, and 
^Amstein). According to Jobert, the nerve-fibres 
entwine the hair-follicle in circular turns. The tactile 
Iiairs possess a greater supply of nerves than the 
^rdinaiy hair-follicles. 



CHAFrEK XXXV. 

THE CONJUNCTIVA AND ITS GLANDS. 

399. (1) The cyeUds._The outer layer of the 
eyelids is skin of ordinary description ; the inner is a 
delicate, highly vascular membrane — the conjimctiva 
irtalpebrve. This includes a firm plate — the taraat-plate 
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— which. IE not cartilage, but very deaise, white, tibrous 
tissue. In it lie embedded the Meibomian gtandi. 
These extend in each eyelid in a vertical direction 
from the distal margin of the taraal-plate to the free 
margin of the eyelid ; in the posterior angle of this 
margin lies the opening or mouth of each of the 
Meibomian glands. 

The dud of a Meibomian gland is lined with a 
oontinuation of the stratified pavement epithelium, 
lining the &ee margin of the lid ; it passes in the 
tarsaJ-plate toward its distal margin, and takes up on 
all sides short minute ducts, each of which becomes 
enlarged into a spherical, saccular, or flask-shaped 
nlvfyolus. This is ideiitical in atrnclure and secretion 
■with the alveoli of' l/ie aebaceoua foUiehs of the 
skin. 

400. The conjimctival layer is separated from the 
auboutaneous tissue of the skin-layer of the eyelid by 
the bundles of the gphincler orbicularis — striped mus- 
cular tissua Some bundles of this extend near the 
free margin of the lid, and represent what is known 
as the musoulus ciliaris Eiolani. This sends bimdies 
around the mouth of the Meibomian ducts. 

401. At the anterior angle of the free margin of 
the lid are the eyelashes or cilia, remarkable for their 
thickness and rapid reproduction. Near the cilia, but 
towards the Meibomian ducts, open the ducts of pecu- 
liar large glands — the glands of Mold. Each of these 
is a wavy or spiral tube, passing in a vertical direction 
from the margin of the hd towards its distal part; it 
completely coincides in structure to the large portion 
of a sweat gland — i.e., that part containing a columnar 
epithelial lining, and between this and the membraoa 
jiropi'ia a longitudinal layer of non-atriped muscnlar 

The free margin is covered, ai 
with stratified pavement epitheliu 
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mucous membrane extends in the shape of minute 
papillae. In the conjunctiva pMlpebrse the epithelium 
is thin, but stratified pavement epithelium: there are 
no papillfle, but the sub-epithelial mucosa — that is, the 
layer situated between the epithelium of the surface 
and the tarsal-plate — contains a dense network of 
capillary blood- vessels. 

402. Passing from the eyelids on to the eyeball, 
we have the continuation of the conjunctiva palpebres 
— i.e., the fornix conjunctivae — and, further, the con- 
junctiva fixed to the sclerotic, and terminating at the 

margin of the cornea — the conjunctiva bulbL The 
epithelium covering the conjunctiva fornicis and cou- 
Ji|nctiva bulbi is stratified epithelium, the superficial 
cells being shoi^t columnar; next to the fornix the 
superficial cells are beautiful columnar, and the 
mucosa underneath the epithelium is placed in regular 
folds (Stieda, Waldeyer). Towards the cornea the 
epithelium of the conjunctiva assumes the character 
of stratified pavement epithelium, and minute papillte 
extend into it from the mucosa. 

403. The mucous membrane is fibrous tissue, 
containing the networks of capillary blood-vessels. 

Into the fornix lead minute mucous glands, em- 
bedded in the conjunctiva fornicis ; they are the gh/nda 
of Krause. Similar glands exist in the distal portion 
of the tarsal-plate. 

404. The blood-vessels of the conjunctiva ter- 
minate as the capillary network of the superficial 
layer of the mucosa, and as capillary networks for the 
Meibomian glands, Krause's gland, &c. Around the 
corneal margin the conjunctival vessels are particu- 
larly dense, and loops of capillaries extend from it 
into the very margin of the cornea. 

405. The lympbatics form a superficial and 
deep network. Both are connected by short branches. 
The deep vessels are possessed of valves. The super- 
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fici»l plexus ia densest at the limbus oomete, and they 
are in direut connection ■with the interfascicular 
lymph clefts, both of the sclerotic and cornea. In 
the margin of the lid tte superficial lymphatics of 
the skin anastomose with tbose of the oonjunc- 

Lyraph follicles occur in groups in the conjunctiva 
of many mammals about the inner angle of the eye. 
In the lower eyelid of cattle they are very con- 
spicuous, and known as the glands of Bmch, They 
are also well-raaa'ked in the third lid of many 
mammals. 

According to Stieda aad Morano, isolated lymph 
follicles occur also in the human conjunctiva. 

406. The oerves are very numerous in the con- 
junctiva ; they fonn plexuses of non-medujlated fibres 
underneath the epithelium. From these plejcusea fine 
libriis pass into the epithelium of the surface, between 
whose cells they terminate as a network {Uelfreich, 
Morano). End bulbs of Krause occur in great num- 
bers in man and calf. They have been mentioned in 
a former chapter. 

407. (3) The lachrymal glands are identical 
in structure with the serous or true salivary 
glands. The arrangement of the connective tissue 
stroma, the nature and structure of the ducts — espe- 
cially of the intralobular ducts — and alveoli, the dis- 
tribation of blood-vessels and lymphatics, are exactly 
the same aft in the true salivary glands. Beichel 
has found that the epithelial cells lining the 
alveoli are well defined, conical or cylindrical, trans- 
jiarent and slightly granular duiing rest ; but 
during secretion they grow smaller, more opaque 
and gi-anular, their outlines not well defined, and 
the nucleus becomes more spherical and placed more 
centrally. 

408. In most mammals there : 
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^le of the eye, and closely placed against the sur- 

r fece of the eyeball, a gland, called Harder^ s gland, 

•According to Wendt, this is either a true serous 

gland, like the lachrymal — ^as in the ox, sheep, and 

P%— or it is identical in structure with a sebaceous 

Sland, as in the mouse, rat, and guinea-pig ; or it 

5^aisists of two portions, one of which (white) is 

^^^ntical with a sebaceous, while the other (rose- 

f^ioured) is a true serous gland ; such is the case in 

^^^ rabbit and hare. According to Giacomini, a 

^"^diment of Harder's gland exists also in the ape 



CHAPTER XXXVI. 

^HE GOBNBA, SCLEROTIC, LIGAMENTUM PECTINATUM, 

AND CILIABY MUSCLE. 

409. L The cornea (Fig. 152) of man and many 
^^ammals consists of the following layers, counting 
^om front to back : — 

(1) The epithelium of the anterior surface (see 
-^g. 16) ; this is a very transparent, stratified, pave- 
ment epithelium, such as has been described in par. 
22. It is directly continuous with the epithelium of 
the conjunctiva, but it is more transparent ; in dark 
j»igmented eyes of mammals the epithelium of the 
conjunctiva is also pigmented. In these cases the 
pigment, as a rule, does not pass beyond the margin 
of the cornea. 

410. (2) JText follows a homogeneous elastic mem- 
brane, Bovrman^a memhraney or elastica anterior. It 
is best shown in the hiiman eye, but is present, even 
though only rudimentary, in the eye of mammals. 
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(3) Tben follows the f/round gvhitance, or snb- 
Tliia is composed of 
lamnllfe of bundles 
of fibrous connective 
tissue. Neigbbouring 
litinelire are connected 
with one another by 
oblique bitndlea. 

The fibre bundles 
■within each lamella 
run parallel to the sur- 
face of the cornea, but 
may cross one another 
under various angles. 

In the anterior 
liiyer of the ground 
siiliatance some of thp 
bundles pass through 
sever&l lamells in an 
111 ilique manner; they 
represent the tibrw 
arcuats. 

The fibrils within 
the bundles, and the 
bundles, and the la- 
mellae of bundles are 
held together by an 
interstitial, albumin' 
ons, semi-fluid, cement 
substance, which, like 
other similar intersti- 
tial substance*, be- 
Eye longs to the globulins, 
and is soluble in 10 
per cent, saline sola- 
'SrtKo'ii **c^ (Schweigger Sei- 
del). A few ela^^ 
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fibrils are aeen here onti there. Between the lajuelln 

are left the lacucffi and caiiallciili for the branahed, 

flattened, nucleated corneal cor/mscka, described in 

ft previous chapter {Figa. 25, 26). They 

moae with one another within the same plane, and 

also, to a liinited degree, with those of neighbouring' 

planes. 

41 1. (4) The menibrana Deaceineti, or elastioa>< 
posterior, is a resistant elastic membrane, conspicuout 
by ita thickness in all comece. 

(5) The posterior surface of this membrane is 
covered with a. mosaic of beautiful polygonal endo- 
thelial cells, each with an ovaJ nucleus — the en- 
dothelium of DeBcemet's membi-aae. Under stimu- 
lation these cells contract. At first they appear 
slightly and numei-ously branched, but gradually 
their proceasns become longer and fewer, and 
ultimately they are reduced to minute clumps 
of nucleated protoplasm, each with a few long pro- 
There are no Vilood -vessels in tjie normal cornea,.! 
except in frotal life, when there is underneath tbsfl 
anterior epithelium a plexus of capillaries. 

The lymphatics are represented as the i 
communicating lymph-canalioulur system — vs., 
lacanie and canaHculi of the corneal corpuscles ; and* 
in connection with these are lymph channels linedfl 
with a continuous endothelium and containing thp;l 
nerve bundles. 

412. The nerves (Figs. 68, 69, 70) are ihstri- " 
buted as the nerves of the anterior layers, and as 
those of the Descemet's membrane. The first form 
rich plesuses of fibrillated axis cylinders, with trian- 
gular nodal points (Cohnheim), in the anterior layers of 
the ground substance ; from this plexus pass obliquely 
through Bowman's m.embrane short branches — the 
rami pei'forantes (K.i)lli}cer) — and these immediately _ 
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underneath the epithelium break up into their con- 
atittient primitive fibrils, the latter coining off the 
former brush-like (Colinheim). These jjrimittve 
tibrillie ultimately aficend into the anterior epithelium 
(Hoyer, Cohnheini, and others), vhere they branch, 
and nearly reach the Burfaee. They always run 
between the epithelial cells, and are connected into 
a network. According to some observers, they termi* 
nate with free ends, pointed or knobbed ; but according 
to othere, witli whom I agree, these apparent free ends 
are not in reality free endings. 

413. The nerves of Deseeniet's membrane fomi 
also a plexus of non-medullated fibres in the posteriw 
layers of the ground substance ; irom them conie 
otf vast mimbera of primitive fihriOaa, ruzming a mors 
or less straight and long conrae, crossing one aitoUiei 
often under right angles ; they give off very fins 
fibrils, which are closely associated with the oomesl 
corpuscles, without, however, really becoming coii- 
tinuouB with their protopliiani, 

414. U. The sclerotic consists of lamellte of 
tendinous tissue. The bundles of fibrous tissue aie 
opaque as compared with those of the cornea, althou^ 
they pass insensibly into them. There are lymph 
clefts between the lamello and traheculaj, and ia 
them lie the flattened connective tissue corpusdes, 
which, in the dark eyes of some mammals only, contain 
pigment granules. Numerous elastic fibrilsare met 
with in the inner layers of the sclerotic. 

415. Between the sclerotic and choroid membmne 
is a loose fibrous tissue, which acts also as the sup- 
porting tissue for the blood-vessels passing to and frina 
the choroid. The part of this loose tissue nert 
to the sclerotic, and forming part, as it ivere, Cif 
the sclerotic, contains, in dark eyes of mammal^ 
numerous pigmented connective tissue corpuscles J it 
ia then called lamina, fugca. The rest — i.a., tiext 
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to the choroid membrane— is the supra-choroidal 
tissue. 

416. There are blood-vessels in the sclerotic, which 
belong to it : they are arterioles, capillaries, and 
^eins ; in addition to these are the vascular branches 
passing to and from the choroid. 

417. III. The liiramentnin pectinatum 
|rtdis (see Fig. 152) is a conical mass of spongy tissue, 
joining firmly the cornea and sclerotic to the iris and 
ciliary processes. It forms an intimate connection, on 
the one hand, with the junction of cornea and sclerotic, 
^d on the other, with that of the iris and ciliary pro- 
cesses. This ligament is composed of trabeculse and 
Wellae of stiff elastic fibres, forming a continuity, on 
the one hand, with the lamina Descemeti of the cornea 
^d the elastic fibres of the sclerotic, and on the other, 
with the tissue of the ciliary border of the iris. The 
trabeculse anastomose, so as to form a honeycombed 
plexus, and the spaces in this plexus are lined 
with a layer of flattened, endothelial cells, directly 
continued from the endothelium of Descemet's mem- 
brane, on the one hand, and with the layer of endo- 
thelial cells covering the anterior surface of the iris, 
on the other hand. In some mammals, the spaces 
in the ligamentum pectinatum at the iris end are 
very considerable, and are called the spaces of 
Eontana. 

The interlamellar and interfascicular lymph- 
spaces of the sclerotic form an intercommunicating 
system. 

The nerves form a dense plexus of non-medullated 
fibres in the tissue of the sclerotic (Helfreich). 

At the point of junction of the cornea and sclerotic, 
but belonging to the latter, and in the immediate 
neighbourhood of the ligamentum pectinatum iridis, 
is a circular canal — ^the ca/rwX of ScMemm; this is 
lined with endothelium, and is considfit^ \s^ ^sMossi 
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(Schwalbe) as a lymphatic canal; by others (Leber) 
as a venous vessel. 

418. lY. The cUiarr muscle (Fig. 152) or 
tensor choroidese, is J&xed to this ligamentum pecti- 
natnm ; it is composed of bundles of non-striped 
muscular tissue. This muscle consists of two parts : 
(a) one of circular bundles nearest to the iris — ^this 
is the portio Miilleri ; (6) the greater part is composed 
of radiating bundles, passing from the ligamentum 
pectinatum in a meridional direction for a consider- 
able distance backwards into the tissue of the choroid 
membrane. It occupies the space between the liga- 
mentum pectinatum, sclerotic, ciliary processes, arid 
the adjoining portion of the choroid membrane. 
The bundles of the muscle are arranged more 
or less in lamellse; within each lamella they form 
plexuses. " 

A rich plexus of non-meduUated nerve-fibres, with 
groups of ganglion cells, belongs to the ciliary muscle. 



CHAPTER XXXVII. 

THE IRIS, CILIARY PROCESSES, AND CHOROIDEA. 

419. I. The iri« consists of the following layers:— 

(1) The endothelium of the anterior surf ace : trans- 
parent, flattened, or polyhedral cells, each with a 
spherical or slightly oval nucleus ; in dark-coloured 
eyes of man and mammals brown pigment granules 
are contained in the cell-substance. 

(2) A delicate hyaline basement membrane : it is 
continuous through the trabeculse of the ligamentum 
pectinatum, with the membrana Descemeti of the 
cornea. 
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(3) The subi^iitia propria: this is the ground- 
substance ; it consists of fibrous connective tissue in 
bundles, accompanying the blood-vessels, which are 
very numerous in the tissue of the iiis. Many 
connective tissue corpuscles are found in the sub- 
stantia propria j they are more or less branched, and 
^nany of them contain, in all but albino and blue 
eyes, yellowish-brown pigment granules. The colour 
of the iris varies according to the number of these 
pigmented connective tissue cells, and to the amount 
Qf the pigment granules present in them. 

(4) A hyaline delicate basement membrane limits 
"Jdie substantia propria at the posterior surface ; this 
^ an elsGstic membrane, and is continued over the 
c^iary processes and choroid as the lamina vitrea, 

420. (5) The last layer is the epithelium of the 
lX)sterior surface : this is a layer of polyhedral cells, 
^^ed with dark pigment granules, except in albinos, 
^here there are no pigment granules. This endo- 
thelium is called the uvea, or tapetum nigrum. The 
interstitial cement substance between the cells is not 
pigmented, but transparent. 

The name "uvea" is sometimes applied to the 
^hole of the iris, ciliary processes, and choroid mem- 
brane. 

In blue eyes the posterior epithelium is the only 
pigmented part of the iris, and so it is also in the 
iris of new-bom children ; hence, their eyes are blue. 
Such iris appears blue because its dull tissue is viewed 
on dark ground — i.e,, on the pigmented epithelium of 
the posterior g^urface. 

421. Near the pupillary border the posterior sec- 
tion of the substantia propria contains a broad layer 
of circular bundles of non-striped muscular tissue : 
this is the sphincter pnpiUce, In connection with this 
axe bundles of non-striped muscular fibres, passing in . 
a radiating direction towards the ciliary xaax^Ti ^i NJaa 
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iris : these are the bundles of the diiatator pupillee, 
forming a sort of thin membrane near the posterior 
surface of the iris (Henle and others). At the ciliary 
margin the bundles take a 
circular direction, and form a 
plexus (Ivanoff). 

422, The blood-Tessels 
(Fig. 153) of the iris are 
very numerous. The arteries 
are derived from the eirculua 
arterioBUH iridis major, situated 
at the cOiary mai^ia of the 
iria, and from the arteries of 
the ciliaiy processes. "nieae 
arteries ma in a radiating 
direction towards the pupillaiy 
margin, where they terminate 
in a dense netwm-k of cu,pilkri«9 
for the sphincter popillie. But 
there are also numerous capil- 
lary blood-vessels of a moie or 
less longitudinal direction near 
the posterior surface of theiri& 
The veins accompany the arte- 
ries, and both are situated in 
tEie middle ' stratum of the 
eubstantia propria. 

In the sheath of the hlood- 
vessels are lymph cl^s uul 
lymph dmi^ea ; there appear to ' 
' ! no other lymphatics. 

423. The nerve-fibm 
are very numemus (AmcJ4 
Formad), and in the outer W 

ciliary portion of the iris form a rich plexns, Erooi 
which are derived, (a) ■aet-wotka of non-mednl htCJ 
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nonrmedullated fibres for the anterior surface ; and 
(c) a network of non-medullated fibres for the 
sphincter pupillse. 

The capillary blood-vessels are also accompanied 
by fine nerve-fibres (A. Meyer), and, according to 
Faber, there exist ganglion cells in these nerve net- 
works. 

424. II. The ciliary processes are similar in 
structure to the iris, except, of course, that they do 
not possess an .anterior endothelium or an anterior 
basement membrane. The substantia propria is 
fibrous tissue with elastic fibres and numerous 
branched cells, pigmented in dark (but not in blue) 
eyes. The posterior basement membrane is very 
thick, and is called the lamina vitrea ; in it may be 
detected bundles of fine fibrils. It possesses perma- 
nent folds arranged in a network (H. MiQler). The 
inside of it is covered with a layer of pigmented poly- 
hedral epithelium, the tapetwm nigrum : the cells are 
polygonal when viewed from the surface. The in- 
dividual cells are separated by thin lines of a trans- 
parent cement substance. This pigmented epithelium 
is covered with a layer of transparent columnar 
epitheloid cells, each with an oval nucleus. These are 
closely fixed on the tapetum nigrum, and represent a 
continuation of the retina over the ciliary processes : 
this is the pars dlia/ris retince (Fig. 154). 

425. The arterial branches for the ciliary processes 
and muscle are chiefly derived from the circulus arte- 
riosus iridis major, and form a dense network of 
capillaries for the former; to each of these corre- 
sponds a conical group of capillaries (Fig. 153). 

426. III. The choroid membrane consists — 
counting from outwards, i.e., from the sclerotic, inwards, 
i.e., towards the retina — of the following layers : — 

(1) The membrana supra-choroidea. This is a 
continuation of the sclerotic, with w\i\c\L \>u \a \^<evi^C\<5a^ 
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in structure ; the spaces between its lamellB are 
lined with endotheliuio, aud i-epresent Ijmph spaces 
(Sohwalbe). 

(2) Next followB an elastic layer which contains 
netivorkB of elastic fibres, the branches of tbe arteriaa 




k Torllcat Seotlas timmeb As Ciluur FronesKB A 
the Oi'a Eja. 
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and Teins, and, in its outer portion, pigmented oalls 

fFig. 155), 

427. (3) Then follows the membraiia chorio- 
i^apillana, & densp network o^ cwji^iiarY blood-v; 
embedded in a tissue cofttamm^ 



Ularv blood-veasdl^ 
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ftnd unbranched pigmented and unpigmented connec- 
tive-tdsBue cells. 

(4) The lamina yitrea ; and, finally, 

(5) The tapetmn nigrum, or the pigmented epithe- 
lium, which, however, is considered part of the 
^iiUL In the region of the ora serrata of the 
^^ina also — i,e., next 

^ the ciliary processes 
this «me of the 
^^oroidea is lined 
^ith a lajer of trans- 
l*^*ent, columnar, 
®Pitheloid cells, re- 






P^'^senting the pars 
^^iiaris retinas. 




Pig. 155.— Pigmented Connective Tissue 
Cells of tlie Choroid Coat. (Atlas.) 



. 428. The arterise 
^^iares breves and recurrentes, situated in the outer 
I*^*t of the choroidal tissuej form ultimately the dense 
^^tworks of capillaries for the chorio-capillaries. The 
^'^Ins derived from this pass into the outer ])art of 
^^ choroid, where they anastomose so as to form the 
^^culiar large veins, which are called the vensB 

^OrtioOBBB. 



CHAPTER XXXVIII. 

THE LENS AND VITREOUS BODY. 

429. (1) The lens consists of a thick, firm, elastic 
capsule and of the lens substance. The former shows 
fine longitudinal striae, and diminishes in thickness 
towards the posterior pole of the lens. The surface 
of the capsule facing the anterior surface of the lens- 
substance is lined with a single layer of polyhedral, 
grionular-looking, epithelial cells, each with a spherical 
or oval nucleus. This epitheUuni €;to^<& «j& «aOcL ^ ^^ci^ 
u 
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inar^n of the lens, where its cells, gradunlly elonga- 
ting, pass into the lens-fibres. The nnclei jol these 
lie in a curved plane belon^ng to the anterior half of 
the lens : this is the nuclear aoim. The lena-snbstance 
consists of the lens-Jibree. These are band-like, hexa- 
gonal in transverse section ; their outline is beset 
with numerous fine ridges and furrows, which in 
neighbouring fibres, fitting the one into the other, 
form a firm connection between the fibi-ea (Valentin, 
Henle, Kiilliker, and others). The fibres of the 
peripheral portion are broader and thicker, and their 
substance less firm than those of the centre — i.e., of 
the lens-nucleiis. The substance of the lens-fibres is 
finely granular and delicately and longitudinally 
striated. 

430. The lens fibres (Fig. 156} are arranged in 
concentric lamelhe, each consisting of a single laj^er of 
fibres joined by their broad 
surfaces. Each fibre is eligbtJy 
enlarged at tlie extremities; 
and in each lamella the fibres 
ext«nd fi-om the anterior to tha 
posterior surface. Their ei- 
tremities are in contact widl 
the ends of the fibres of tlie 
same lamella in the sutvrei, (X 
the rays of the so-called lent 
star*. In the lens of the new- 
bom child, the stare of both 
anterior and posterior lametlc 
possess three such rays, while 
ia the adult each of these ray* 
has secondary rays. In these 
I homogeneous thin layer of an aJbn* 
L substance ; a sinular substanoe in 
Bimute quantity ia a\so present between the lamel^ 
jour smaller ot \a,ij,ei <M.\a kcA. 




rays there i 
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which evidently carry the nutritious fluid for the lens- 
fibres. 

431. (2) The Titreons body is a fluid substance 
enclosed in a delicate hyaline capsule — the rrvemhrana 
hyaloidea. This membrane, at the margin of the 
fossa patellaris of the vitreous body — i.e., the fossa in 
which the lens is lodged — but without covering it, 
passes as the zonula ciliaris, or zonula Zinnii, or 
mspenaory ligament of the lens, to the margin of the 
latter, to which it is firmly adhering. So it adheres 
also to the surface of the ciliary processes. The 
zonula Zinnii is hyaHne axxdfirm, Jdl strengtt.ened 
by numbers of bundles of minute stiff* fibrils. 

Between the suspensory ligament of the lens, the 
margin of the lens and of the fossa patellaris is a 
circular lymph space, called the canalis Petiti 

Beneath the ^^nembrana hyaloidea are found iso- 
lated nucleated granular-looking cells (the subhyaloid 
cells of Ciaccio), possessed of amoeboid movement 
(Ivanoff^). 

• 432. The substance of the corpus vitreum appears 
differentiated by clefts, concentric in the peripheral, 
radiating in the central, part (Brticke, Hannover, 
Bowman, Ivanoff", Schwalbe), But these do not 
contain any distinct membranous structures (Stilling, 
Ivanoff*, Schwalbe). 

The canalis hyaloideus, or canal of Stilling, extends 
from the papilla nervi optici to the posterior capsule 
of the lens, and is lined with a continuation of the 
membrana hyaloidea. 

433. In the substance of the corpus vitreum occur 
isolated nucleated cells ; they have amoeboid move- 
ments, and some contain vacuoles, from commencing 
degeneration. They are all identical with white 
blood-corpuscles (Lieberkiihn, Schwalbe). 

JFine bundles of fibrils are occasionally seen in the 
substance oi the vitreous body. 
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134. Thk retina (Fig. 1 57) consists of the foUowiag 
layers, connting from inwarite towaids the choroid mem- 
brane:— (1) The 
mem brasa umitaoB 
mtema, which ia 
next to the mem< 
brana hy aloidea of 
the vitreous body j 
(2) the nerve-fibw 
layer; (3) the layer 
of ganglion cells ; 
(i) the inner gran- 
ular or inner mole- 
cular layer; (5) the 
layer of inner 
nuclei ; (6) the 
outer granular, or 
out«r molecular, or 
intemuclear layer ; 
(7) the layer of 
outer nuclei ; (8) 
the membrana 
limitans externa ; 
(9) the layer of 
rods and oonea ; 
and (10) the pig- 
mented epithelium 
of the j'etina, or tbc tapetnm nigrnin mentioned «bove, 
ivbiab foiras, at the same time, tlie inner lining epithe' 
Ham of the cJioroid memtatBuiift, 
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43B, From this arrangement is excepted — {a) the 
papilla oerri optici, Ifi) the macula Intea aod fovea 
ceDtralis retinas, and (c) the ora serrata of the retina. 

(a) The papilla nervi optici, or the blind spt* of 




the tedna, repreaenta the entrance of the optic nerve- 
fibres into uie retina; thence, as from a centre, 
they tpread out in a radiating directiou \rto "^^i 
maoer-abaped retina, of vliich they iona ftia -oAsscMi. 
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layer. No other elements of the retiDa, are present at 
the papilla, except a continuation of the limitaus 
iDterna. At the papilla, nervi optici the arteria and 
veua centralis nervi optici also enter, and spread 
out with their hi-anchea in the inner layers of the 
retina. A large lymph apace is also found there. 

(6) The macula lutea and fovea oentraJis will be 
considei'ed after the various layers of the retina have 
been described. 

(c) At the ora serrata all cellular and nuclear 
elements of the retina — except the pigmented epithc' 
linm — and the nerve-fibrea, come to an end ; but the 
limitans interna, with its peculiar radial or Muller'a 
fibres, is continued over tlie ciliary procesaea in the 
shape of columnar epitheloid nucleated cella mea- 
tioned above : this ia the para ciliaris retinre. 

436. Si/nmttirs qf the layers of Me retina (Figs. 
158, 159). 

(1) The meinbmim limllans Inlema is 
composed of more or less polygonal areas, which are 
the enda or bases of pyramidal, tinely-striated libres 
— the radial Jibres of MiiMer. Bach radial fibre passes 
from the limltaDS interna in a vertical direction 
through all layers to the limitans externa, and on its 
way gives off numerous lateral branclilets, fibrils, and 
membranes, which anastomose with one imother so as 
to form a honeycombed stroma or matrix for all 
cellular and nuclear elements of the retinal tayera 
In the nerve-fibre layer the radial fibres are thickest 
this being, in fact, the pyramidal basis ; in the inner 
nuclear layer each possesses an oval nucleus. 

437. (2) The layer of nerve - fibres.— ^o 
optic nerve-fibres at their enti'ance into the eyeball 
lose their medullary aheath, im.(I only the transpai'ent 

Axia cylinder is prolongenl into the retina. In man, 
lueduUated nerva-fibtea in. tUe retina are very excep- 
tion&J ; in the rabbit tbere ai^ Xwu \N'Mi3is4, iiflK 
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fibres retain their medullary sheath in the retina 
(Bowman). The nerve-fibres remain grouped in 
bundles in the retina, and even form plexuses. For 
obvious reasons, the number of nerve-fibres in the 
nerve-fibre layer diminishes towards the ora serrata. 

438. (3) Tbe layer of gangUoiicelit— There 
is one stratum of these cells only, except in the 
macula lutea, where they form several strata. Each 
cell is multipolar, and possessed of a large nucleus. 
One process is directed inwards and becomes con- 
nected with a fibre of the nerve-fibre layer. Several 
processes pass from the opposite side of the cell, and 
enter the next outer layer, i.e., the inner molecular 
layer. 

According to Max Schultze and others, they break 
up there into a reticulum of fibrils which is part of 
this molecular layer ; but according to Retzius, Mans, 
and Schwalbe, they simply pass through the inner 
molecular layer. 

The ganglion cells are separated from one another 
by the radiiJ fibres of Mfiller. 

439. (4) Tbe iimer molecular layer is a 
fine and dense reticulum of fibrils, with a small 
amount of granular matter between. The fibrils are 
connected with lateral branchlets of the radial fibres 
of Miiller. This layer is, on account of its thickness, 
a conspicuous part of the retina. In lower vertebrates 
it appears stratified. 

440. (5) Tbe inner nuclear layer contains in 
a honeycombed matrix of a hyaline stroma numerous 
nuclei,' in two, three, or four layers. In the am- 
phibian retina these form a larger number of layers. 
Some oblong nuclei of this layer belong, as has been 
mentioned above, to the radial fibres of Miiller. 
Next to the molecular layer are small nuclei belonging 
to flattened branched cells (Yintschgau). But the 
great majority of the nuclei oi ttiAsXa^et «c^ ^S^v^gcisis.^ 
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oval, with a reticulum in their interior. EacU beloBgB 
to a spindle-shaped celt, with a small amount of proto- 
plasm around the nucleus ; it is, in fa«t, a bipolar gang- 
lion cell (Max Schultzn), of which one process (the 
inner) passes aa a floe varicose iibre into and through 
the inner molecular layer, to become connected with 
the outer processes of the ganglion cells (Ketzius, 
Schwalbe), while the other or outer process passes into 
and through the next outer layer of the retina. 

(6) Xbe outer molecDlar layer is of exactly 
the same structure as the inner molecular layer— i,ft, 
a fine reticulum of fibrils — but is considerably thinner 
than the latter. 

441. (7) Tbc outer nuclear layer contains, in 
a honeycombed matrix, a large number of oval nuclei. 
In the retina of man and mammals these nuclei are 
always present in considerably greater numbers or 
layers than those of the inner nuclear layer, but in 
the amphibian animals the reverse is the case. They 
are smaller than tiie nuclei of tlie inner nuclear layer, 
and show often a peculiar transversely- rib bed cUiler- 
entiatioo of their contents (Henle, Krause). [The 
honeycombed matrix of tiiia layer is in connection 
with lateral bi'anchlets o£ the radial fibres of Miiller, 
with which it forms a sort of limiting delicate mem- 
brana propria at the uutisr surface of the layer ; 
this is 

443. (B) The limitan 8 externa, — Thenucleiof 
the outer nuclear layer next to this limitans externa lira 
connected, in the retina of man and mammals, with 
the cones, while the nuclei farther inwards from the 
timitans externa are connected with the rods. In 
both instances the connection is established throngli 
holes in the limitaus externa. Each nucleus of 
the outer nuclear layer is, in reality, that of a 
spindle-shaped c£U with a minute amount ol prolo- 
plasm i thia la prolongei outiflaiiia, a* '^ wit&v '■" 
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of the rod- or cone-fibre, to become connected with a 
rod or cone respectively, while inwards it passes into 
a longer, more conspicuous fibre, the inner part of the 
rod- or cone-fibre. This branches, and penetrating 
into the outer molecular layer, is lost with . its 
tmmchletB among the fibrils of this layer. 

443. (9) Tbe rods and cones. — Each rod is 
of cylindrical shape, with rounded or conical outer 
extremity ; it consists of an outer and inner member, 
joined by linear cement. Its substance is bright and 
glistening, and that of the outer member is composed 
of the neurokeratin of Kilhne and Ewald. In 
the fresh state the outer member shows a more or 
less fine and longitudinal striation, due to longitudinal 
fine ridges and furrows (Hensen, Max Schultze). 
After certain reagents, such as serum, liquor potassse, 
the outer rod-member disintegrates into numerous 
teansverse, thin, homogeneous-looking discs (Hannover). 
The inner member in the human rods is slightly 
broader than the outer ; it is pale or finely and longi- 
tudinally striated, and contains in many instances a 
peculiar lenticular structure ; in the human and 
mammalian retina this is absent, but in its stead is a 
mass of longitudinal fibrils (Max Schultze). The 
inner member passes through a hole in the limitans 
externa^ and becoming thinner, represents the outer 
part of the rod-fibre. 

444. Each c(me is composed of an outer, short, 
pointed, conical member, and an inner larger member 
with convex surface: this is the body of the cone. 
The outer member of the cone separates under certain 
conditions also into thin transverse discs. The body 
of the cone is longitudinally and finely striated. 
The outer extremity of the body of the cones in 
many birds, reptiles, and amphibia contains a spheri- 
cal corpuscle of red, orange, yellow, green, or even 
blue colouration. 
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shoi-ter than the rods, the pomted 
end of the former not reaching 
much farther than the junotiou 
between the outer and inner 
members of the rods. 

In the macula lutea and 
fovea centralis of man and 
moat mammala there are pre- 
sent conea only, aud towards 
the peripheral portion of the 
retina they gradually de- 
crease in numbers ; in the 
peripheral part there are only 
rods. But in birds the cones 
exceed the rods everywhere. 

In the bat and mole the 
macula iutea posseasea no 
cones, and in the owl, rat, 
mouse, guineas-pig, and rabbit, 
they are few and snialL 

4i5. The outer meuibers 
of the rods (only) contain in 
the fresh and living state b 
peculiar diffuse purplish colour 
(Leydig, Boll, Kuhne) r this 
is the visual purjile or Rifti 
opsin of Kiihne. When 
exposed to sunlight it 
passes through red, orang^i 
and yellow, and finally 
disappears altogether — lie- 
comes bleached. There t* 
no visTial purple in the ro^ 
of Bhinolophua hippostdeim 
fowl and pigeon; in UiOM 
Tetma in. which the coitei 
, contam (hAowkA. '^'JvimN», (^ 
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above) the surrounding rods are wanting in the visual 
purple. 

The visual purple stands in an intimate relation to 
the pigmented epithelium of the retina, since a 
retina regains its visual purple after bleaching, when 
replaced on the pigmented epithelium (Kiihne). This 
holds good, of course, only within certain limits. 

446. (10) The pigmented epitheliam (Fig. 
160), or tapetnm nigrum, is composed of polygonal pro- 
toplasmic cells, which, when viewed from the surface, 
appear as a mosaic, in which they are separated from 
one another by a thin layer of cement substance. Each 
cell shows an outer non-pigmented part, containing the 
slightly-flattened oval nucleus, and an inner part next to 
the rods and cones, which is full of pigmented crystalline 
rods (Frisch). This part is prolonged into numerous 
fine fibrils, each containing a row of the pigmented 
particles, and these fibrils pass between the outer 
members of the rods, to which they closely adhere, and 
which in reality become almost entirely ensheathed 
in them (M. Schultze). Each cell supplies a number 
of rods with these fibrils. Sunlight causes a protru- 
sion of these fibrils from the cell body, whereas in 
the dark they are retracted (Kiihne), in a manner 
ninni1a.r to what takos placo in pigmented connecti\'e 
tissue cells. (See par. 43.) The tint of this pigment 
is darker in dark than in light eyes. It is bleached 
by the light in the presence of oxygen (Kiihne), but 
it persists in the absence of oxygen (Mays). 

447. The macula lutea (Fig. 161) of man and 
ape contains a difiuse yellow pigment, between the ele- 
ments of the retina (M. Schultze). In man and most 
mammals, as mentioned above, there are hardly any 
rods here, but cones only ; these are longer than in 
other parts, and in the fovea, centralis they are 
longest, and, at the same time, very thin. Since 
there are few rods here, the nuclei oi t^^ ouX^^x t^ws^^^*^ 
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layer are limited to a veiy few layers (generally abtrat 
two) nest to the meiiibraua limitans externa. For 
thia reoEon, the rest of the outer nuclear layer ia 
occupied by the cone-fibi-es only, which in the fovea 
centralis pass In a slanting, or almost horizontal, 




Fil. IGL— FrOTD a VBrtio&l Section UiTaogh tlu Ummli Lntak aad 
FoT» Cenlmlia. 

direction aideways into the outer moleciilar layer. 
The ganglion cells form several strata in the macula 
lutea. In the fovea centralis are present the oonefl 
(very long and thin), the limitans externa, the few 
duclei representing the outer nuclear layer, a thin 
continuation of the inner molecular layer, and the 
limitans interna. 

448. In the embryo, the primary optic vedcle 
becomes iuvaginated so as to form the optic cu]i, 
wliicb consists of two\ajesa — mi witet, ?jving ongin 
to the pigmented epitlieXivim ■, ani»vm.A\.«t,'OciftT!icoa 
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|nx^)er. In tliis the lods and oones, with thor fibra 
and the nndei of the oater nudear layer, ootre- 
^Knd to o^iimnar ^thelial oeUs (the 9snmjTy ijraliU- 
JivM^y while all the other layers — t.e., the cater mole- 
cular, inner naclear, inn^r molecular layer, ganglion 
oells, nerFo^bres, and limitAnw interna — r ep r o B o nt 
Brucke*s tunica nenrea ex Henle's stratum nerveum. 

449. The Moo^v^essels df the retina. The 
bianehea of the arteria and Tena centralis of the optio 
nerve can be traced into the retina in the layer of 
nerFe-filnnB and gangHon-cells, while the capillaries 
connecting the arteries with the veinb .extend through 
the layers up to the outer molecular layer. 

The lyiphatica <rf the retina east as periyaseular 
Ijrmphatics of the retinal veins and capillaries (His)L 
Lymph channels are presCTit in the nerve-fibre layer. 

450. The lamiaa eribrosa i» the part of the 
sclerotic and choroid membrane through which the optic 
nerve-fibres have to pass in order to reach the pi^illa 
nervi <^tici In the optic nerve the fibres are grouped 
in larger or smaller groups — ^not bundles, in the sense 
of those present in other nerves and surrounded by 
perineuiium (see a former chapter) — but surrounded 
by sqpta of connective tissue, and these groups pass 
through corresponding holes of the sclerotic anddb<m>id. 

451. The optic i^xiwyie possesses three sheaths, 
composed <^ fibrous connective tissue — (a) an outer, 
or the dund ; (6) a middle, or arachnoidal ; and (c) an 
inner, <»* pial, sheath — which are continuations of the 
respective membranes of ihe bndn. The pial sheath 
is, in reality, the perineurium, the whole optic nerve 
being comparable to a compound nerve-bundle as de- 
scribed in a former chapter. The dural sheath of the 
(^ytic nerve, at its entrance into the lamina eribrosa, 
passes into the outer strata of the sclerotic, while the 
arachnoidal and pial «heaths pass into the inner atr«.tflw 
of the sclerotic Outside the dural ^e&^Sa ^.Vjm^ 
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Bpa<«^the aiipravaginai space ; and also between tbese 
various slieadis are lymph spaces — the sal>dural or 
Bubvagiual epace of Schwalbe, and the Bubarachnmdal 
space. The supravogina:! and subvaginal spaces anas- 
tomose with one another (Michel). 

4o2. Aroimd the sclerotic is a IjTnph space limited 
by a fibrous membrane — the Tcnonian eapeule : the 
space is called the Tcnonian space. The Bupravaginal 
space anastomoses with this Tenonian space, and into 
it pass also the lymph cleffca in the siiprachoroidai 
tisaue (Sohwalbe), by means of the lymph canalicular 
system of the sclerotic (Waldeyer). The aupracho- 
roidal lymph spaces communicate also with the snb- 
arachnoidal Rpace o£ the optic nerve. 



CHAPTER XL. ^M 

THE OOTBR AND .HIDDLE EAR. ^S 

453. The meatus anditorius extemns is lined witli 
a dehcate skin, in structure identical with, but thinner 
than, the skin of other parts. The ceruminone 
glands have been mentioned and described befotft 
The cartilage of the auricula and its continuation into 
the meatus auditoriua extemus is elastic cartilago. 

454. The meinbrBiiR tympanl separating the 
outer from the middle ear has for its matrix a fim) 
stratum of stifi' trabecule of librouB connective tisme, 
with numerous elastic fibrils and elastic membranes 
This is the middle and chief stratum of the membrane: 
outwards it is covered with a delicate continuation of 
the skin of the meatus auditorius extemus, and inwBida 
with a continuation of the delicate mucons membrine 
lining the cavum tympani. In the middle stratum ol 
tbe membrana tympani the trabeeul« radiate more ot 

Jess from the jnnction ol ftva -HiMwibrium mallei witi 
' a zoenibrane ; but to-wwcda tW \«n^n)st^ - 
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also arranged in a circular direction. The former 
belong to ^e* outer, the latter to the inner, portion of 
the middle stratum. 

The mucous membrane lining the tympanic surface 
of the membrane is delicate connective tissue, covered 
with a single layer of polyhedral epithelial cells. 

The blood-vessels form capillary networks for all 
three layers — i.t., a special network for the skin 
layer, a second for the middle stratum, and a third one 
for the mucous layer ; the lymphatics are also arranged 
in this way. An intercommunicating system of lym- 
phatic sinuses and clefts (Kessel) is left between the 
trabecuke. The non-medullated nerve-fibres form 
plexuses for the skin and mucous layer; from these 
pass off fine fibrils, which form a sub-epithelial net- 
work, and from this the fibrils pass into the epithelium. 

455. The tnba Eustacliii is lined with a 
mucous membrane, which is a continuation of that 
lining the upper part of the pharynx, and therefore, 
like it^ is covered on its inner or free surface with 
columnar ciliated epithelium. As in the pharynx, so 
also here, we find a good deal of adenoid tissue in the 
mucous membrane. 

The cartilage of the tuba Eustachii in the adult ap- 
proaches in structure the elastic cartilages of other parts. 

Aib^, The eavmn tympani, including the cellulss 
mastoidesB and the surface of the ossicula auditus, is 
lined with a delicate connective tissue membrane. Its 
free surface is covered with a single layer of poly- 
hedral epithelial cells in the following regions : on 
the promontory of the inner wall of the cavity, on the 
ossicula auditus, on the roof of the cavity, and in the 
cellulse mastoidese; in all other parts it is columnar cili- 
ated epithelium, like that lining the tuba Eustachii 

457. The three ossicula audltns are osseous 
substance covered with periosteum, which is covered 
with the delicate mucosa just de&criV^ed. Ttikfe \m^ 
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roents of the bones are, like other ligajnents, made Dp 
of Btnught and parailel bundles of fibrous connective 
tissue. The articulntion surface of the head of the 
lualleus, of the incus, of the extremity of the long 
process of the incus, and of the stapes, are covered 
with hyaline (articular) cartilage. 



CHAPTER XLI. ^^H 

THK INTEHNAI. EAR. ^^^ 

458. Tub osseous lahyriiith consists of the veeti- 
faule, prolonged on one eide into the cochlea, and on 
the other into the three Bemicivcular canals, each of 
which possesses an ampuila at one extremity. The 
vestibule shows two divisions — the fovea hemispherica 
next to the cochlea, and the fovea hemielliptica nest 
to the semicircular canals. The cochlea conaiats of 
two and half turnings twisted round a bony asis — the 
modiolua From this a bony lamina extends towards 
the outer wall for each turn, but does not reach it : 
this is the lamina spiralis ossea. It extends throng 
all turns, and it subdivides the cavity of each turn 
into an upper passage, or aoala vestibuli, and a lower, 
or scala tyuipani. At the top of the cochlea the two 
ecalee pass into one another by the helicotrema. The 
scala vestibuli opens into Uie fovea heniisphKica, 
while the scala tympani at its commencement — *.«., 
at the proximal end of the first tuiTi — would be in 
communication, by the fenestra rotunda, with tbe 
cavum tympani, were it not that this fenestra rotunda 
is closed by a membrane — the secondary membrana 

159. The semicircular canals start from, and rebnrn 
to, tbe fovea hemielliptica of the vestibule. 

The fenestra ovaVia \ea4& Ivom the cavuui tynigmoi 
into the vestibule — ite>^eDlis¥\wclc&.1^K^ssa■, ' "" 
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fenestra ovalici is, in the fresli condition, filled out by a 
membrane, in which the basis of the stapes is fixed, 
the circumference of this being nearly as great as that 
of the fenestra. 

460. The osseous labyrinth in all parts consists of 
ordinary osseous substance, with the usual periosteum 
lining its outer surface and its inner cavities. These 
cavities contain the albuminous fluid called periiymph. 
But they are not filled out by this, since, in each of 
the two divisions of the vestibule, in each of the 
semicircular canals, cmd in the cochlea, is a mem- 
branous structure, analogous in shape to the corre- 
sponding division of the labyrintL These membranous 
structures possess a cavity filled with the same albu- 
minous fluid as above, called the endolymph. These 
structures are disposed thus — in the fovea hemispherica 
is a spherical sac, called the saccule; in the fovea 
hemielliptica is an elliptical sac, the v4/ricle; in each of 
the three semicircular canals is a membranous semi- 
circular tube, which possesses also an ampulla corre- 
sponding to tJie ampulla of the bony canal. 

461. In the cochlea is a membranous canal, tri- 
angular in cross-section — the scala media or cochlear 
duct — ^which also twists two and half times from the 
basis to the apex of the cochlea, and is placed tigainst 
the end of the lamina spiralis ossea so as to occupy a 
position between the peripheral part of the scala vesti- 
buli and scala tympani. 

462. The different divisions of the membranous 
labyrinth are connected with one another in this 
manner : the three semicircular (membranous) canals 
open into the utricle ; this does not form a direct con- 
tinuity with the saccule, but a narrow canal comes off 
both from the saccule and utricle; the two canals 
join into one minute membranous tube situated in the 
aqueductus vestibuli At its distal end it enlarges 
into the sacous endolymphaticus, sitMa^^d m ^ Ol<^^ ^V 

V 
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the dura mater, cohering the posterior surface of the 
peiroua bone. The saccule is in communicatioii with 
the cochlear canal or scala media, bj a short narrow 
tube — the caoalia reunie:is of Keichert Thus the 
cavity of the whole membranous labjTiiith is iu 
dired; communication throughout all divisions, and it 
represents the inner lymphatic space of the labyrinth. 
There is no communication between the penlymph 
and endolymph, and the cavity of the membranous 
labyrinth stiinds in no direct relation to the cavum 
tympani, since the fenestra ovalis and fenestra rotuuda 
both separate the perilymphatic space, or the cavity 
ot the bony labyrinth, from the cavum tympani The 
vibrations of the membrana tympani, traiiaforred by 
the oaaicula auditus to the fenestra ovalis, directly 
aSect, therefore, only the perilymph. The fluctuations 
of this pass ^m the vestibule, on the one side, 
towards and into the perilymph of the semicircular 
canals ; and on the other aide, through the scala 
TBBtibuli, to the top of the cochlea, then by the Lell- 
ootrema into the scala tympani, and find their condn- 
sioD on the membrana secundaria closing the fenestra 
rotunda. On their way they aflect, of course the 
membrane of Beissner (see below) separating the scala 
media from the scala vestibuli ; and the vibrations of 
this membrane naturally affect the endolymph of the 
Bcala media and the terminations of the auditoiy 
nerve-fibres (see below); 

4G3. Structure of semicircalar canal*) 
utricle and saccnle.— The inemhranoua terai^ 
circu/or canals are &ced by stiif bands of fibiwu 
tissue to the inner periosteum of the one (convsx) 
side of the osseous canal, so that towards the conctttB 
side there is left the space for the peri!3Tnph, A 
a/miJar condition ohtains with regard to the ea.<xvi» 
and ulride, which are fixed, b^ the inner periosteuil 
siila of the bony -gait. 
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The Btructtm of the wall is the same in the semi- 
ciFonlar canals, utricle and Baccole. The above-men- 
tioned fibroiiB ligaments of the periosteum form an 
outer coat; intade this ia a glassy- looking tunica 
propria. At one side (the one away from the bone) 
this timica [nopria fonuB nnmerons papillary projeo- 
tiona The internal 
Borface of the mem- 
brane is covered with a 
BJndie layer of poly- 
hedral epitiielial cells. 

464 Each of the 
Ivanches of the nervus 
Testiboli — i.e., one for 
the Baccnle, one for the 
Qtride, and three for 
the tliree ampulln — 
posseesee a ganglionic 
■welling, ^e nerre- 
hranch, having passed 
tiirongh the membra- 
Doos; wall, enters 
ipecial thickenings of 
the tanica propria, on 
tiiat part of the mem- 
branoiis wall next to 
the bcme; in the sac- 
oole and ctdele the 
thickening in called 
mactda acuetiea, in the 
ampiallte erisla actutica 

(Fig. 162) (M. Schnltze). This thickening is a lar^ 
viJloua or fold-like projectioii of the tunica propria, 
into which pass the nerve-fibres of the several 
l»-anche& These fibres are all mednllated nerve- 
fibfte, and, ascending towards the interoBl or 
trde Bur&ce of that projection, lorm a. ^\<b^:qa- 'Vs^ 
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this plesua are interspersed numei'ous nuclei. From 
tlie medullated fibres pass off minute bundles of 
primitive fibrillae, which enter the epithelium that 
covers the free surface of the projection. 

465. This epithelium is composed of a layer of 
columnar or coiucal cells, between which ai'e wedged 
in spinel le-sh aped ceUa ; both tciuds possess an oval 
imclena. According to Max Schultze and others, each 
of the spindle-shaped cells is connected bj its inner 
process with the nerve-fibrillie coming from under- 
neath ; whereas, towards and beyond the free surface, 
its outer process ia prolonged into a long, thin, stiff, 
auditory hair. Max Behultze, therefore, calls the 
columnar cells epithelial; the spindle-shaped ones, 
aenaory. 

BetziuB, on the other baud, maintains that, in the 
cose of fishes at any rat«, the epithelial cells are thow 
which are connected each with a bundle of nerve- 
fihrillie, and that each sends out over the internal free 
surface a bundle of fine stifF hairs^ — -the auditory haJis- 
The spindle-shaped cells of Max Schultze, according 
to this theory, are only supporting cells. The frea 
surface of the epithelium is covered with a homo- 
geneous cuticle, perforated by holes which correspond 
to the epithelial cells and the auditory hairs. 

On the internal surface of the macula and crista 
ocustica are found the otolitlis, rhombic crystals, and 
amorphous masses, chiefly of carbonate of lime, em- 
bedded in a gelatinous or granular-looking basis. 

46G. The cochlea (Kg. 163), as has been men- 
tioned above, consists also of a bony shell and ■ 
membranous canal, the former surrounding the latter 
in the same way as the bony semicircular canal doM 
tte membranous — i.e., the latter is fixed to the oattf 
or convex side of the former, The difference betwcan 
the cochlea and the seiradTCM\as c^twIb is this, thoti 
tite cochlea there ia a. A\Nmtra. ol tia* ijevfe 
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space by an osseous projection — the lamina spiralis 
OBsea — and by the ecala media into two scalce, viz., the 
(upper) scala Testibuli, and the (lower) scala IjmpanL 

467. In the osseous modiolus are numerous paral- 
lel canals for bundles or groups of the fibres of the 
cochlear branch of the auditory nerve ; these canals 
open into the porus intemus, in which lies a large 
ganglion connected with the nerve. 

The nerve bundles situated in the canals of the 
modiolus, corresponding to the lamina spiralis ossea, 
are connected with ganglionio masses — composed of 
bipolar ganglion cells — called the ganglion spirale of 
Corti. From this ganglionic maBS the nerve-fibres (aJl 
meduUated) can be traced into the lamina spiralis 
ossea, in which they form rich plexuses extending to 
the margin of this lamina — te., to the membrana 
basilaris of the scala media (see below). 

4:68. From the margin of the lamina spiralis ossea 
to the external bony shell extends the membrana ba^- 
laris (S'ig. 163), forming the lower and chief wall of 
the scala media, while the upper wall of the canal is 
formed by the membrane of Eeisanei", extending 
under an aeute angle from near the maj^in of the 
lamina spiraUs ossea to the outer bony sheU. 

On a transverse section through the scala media 
we see the following structures : — 

469. (I) Its outer wall is placed close agamst 
the periosteum lining the internal surface of the bony 
sh'ell ; it consists of lamellar £hroua tissue, willi 
numerous stifF elastic bands, and is the vestihnlsr 
part of a peculiar ligament — the k'gamentwm Bpirah 
(Kttlliker) — semi-lunar in cross section, and with its 
middle angular projection fixed to the outer end of 
the membrana basilaris. 

470, (2) Its inner wall is represented by as 
exceedingly delicate membrane — the Tnembrami (/ 
" ' ,■ tbi^ ia aJao its vi^vBi -woli, ftsteaKiMt • — ' — 
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an acute angle from the npper enter angle of the scala 
media to the lamina spiralis ossea. But there it is not 
fixed on the osseous substance, but on a peculiar pro- 
jection on this latter — ^the crista spiralis (Fig. 163, m), 
which is a sort of tissue intermediate between fibrous 
and osseous tissue, and added to the vestibular surface 
of the lamina spiralis ossea. This crista spiralis has 
on its inner surface — i,e., that directed towards the 
scala media — a deep sulcus, called the sulcus spiralis, or 
sulcus spiralis intemus ; so that of the crista spiralis 
there are two labia to be distinguished — the labium 
vestibulare and the labium tympanicum; the former 
being the upper, the latter the lower, boundary of the 
sulcus spiralis. 

471. (3) Between the labium tympanicum of the 
crista spiralis and the above-mentioned projection 
of the ligamentum spirale extends, in a straight 
direction, the membrana basilaris, forming the lower 
wall of the scala media. The scaJa media is lined on 
its whole internal surface with epithelium, this only 
being derived from the epithelium forming the wall of 
the auditory vesicle of the embryo, peculiarly modified 
in certain places. The scala tympani and scala vesti- 
buli are likewise lined with a continuous layer of 
flattened cells — an endothelium, which only on the 
lower (tympanic) surface of the membrana basilaris 
is somewhat modified, being composed of granular 
looking irregular cells. 

472. As regards the scala media, the epithelium 
lining its internal surface is of the foUlowing aspect : 
Starting with the lower outer angle — i,e,, where the 
membrana basilaris is fixed to the ligamentum 
pirale — ^we find it a single layer of polyhedral or 
short columnar transparent cells, lining this outer 
angle — the cells of Glavdius ; ascending on the liga- 
mentum spirale, the cells become shorter, more squa- 
mous; such are found over a aligbt i^xo^^«.t,\Qk\s. ^-g. 
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the outer wall— i.«., the ligamentum spirale s 

rium — caused by a. smaU blood-vessel, the vaa pro- 



473. Then 'we come to the sti 
lining nearly the uppCT two'thirds of the outer 
wall of the sc&Ia media. It oonsista of a layer of 
columnar and spindle-shaped epithelial cells, between 
which extend capillary blood-vessels from the ligamen- 
tom spirale, and in some animals (guinea-pig) clumps 
of pigment granules are found between them. 

474. Then we pass from the upper angle of the scala 
on to the membrane of ReisBner. This conaiata of a 
homogeneone thin membrajia propria, covered on its 
outer vestibular Burface with a layer of flattened 
endothelioin, and on its inner surface — i.e., that facing 
tie scala media — ^with a layer of less flattened, smaller, 
polyhedral, epithelial cells. 

475. We oome next to the vefitibnlar labium of 
the crista spiralis, on which peculiar cylindrictJ 
horizontal projections anastomoBe with one anothw : 
these are the audii&ry teeth (Huschke). The eptr 
thelinm of Reissner's membrane is continued as small 
polyhedral cells into the grooves and pits between iho 
auditory teeth, but over the teeth as large, flattened, 
squamous cells, which pass on, lining the sulons 
spiralis, and, as such, cover also the tympanic labium 
(rf the crista spiralis. Now we arrive at the menl- 
brana basilaris, on which the epithelium beoomea 
modified into the organ of Corti. 

476. The mcmbrana basilaris consiBts of ■ 
hyaline basement membrane, on which the organ of 
Corti is fiiceil ; underneath this is the tunica propria, 
a continuation of the tissue of tlie ligamentum sforal^ 
composed of fme parallel stiff flbi'ils (Hanuorsf, 

Henle) stretched in a very regular acd beautiW 
manner in the directioTv ttom t\i6 U^mentum epimle 
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there is also a hyaline basement membi-ane. The 
endothelial cells covering thia on the tympanic Burface 
have berai mentioned above. 

477. The orinui of Cord (fig. 164).— Passing 
oatnrards from the epithelium lining the aulcue spiralis, 
we meet with small polyhedral epithelial cells in the 
r^ion of the termination of the lamina spiralis ossea, 
next which are columnar-looking cells — the inner 
•geelU; next to these ia the inner havr-ctU — 




Ftg. 1st.— Oifu ol Corti ot the Cochlw of a Oiilii«a-pl(. 

•.Oula-Todor^luatConl! t.lniKr rod or pillar <if Corti; muhdfI of Osrtl'i 

>j^;<gutalulr'ee1li: •.Inner bslrHrelli/. uuifTiuvDiinliig Mlliconutit- 

«Ti* UaliM llie ta\tanttnSiiaaraMt:i. jicne^hnt; t, pin al criBU 

a columnar, or conical, epithelial cell, with a bundle 
of stiff hairs, or rods, extending beyond the surface. 
The inner hair-cells form a single file along the whole 
extent of the two and a half turns of the scala media. 
478. Next to the inner hair-cell is the inner rod, or 
inner pillar, ofCorU, and next to this the outer rod, 
or ou/w piUar, (^ Corti Each forms a single file for 
the whole extent of the two and a half turns of the 
' Bcala media. The two rods are inclined towards one 
another, and in contact with their upper extremity, or 
h«ad; whereaa their opposite extremity, the foot, 
rests under an acute angle on the membrana basilaris, 
on which it is firmly fixed. The rest of the rod is a 
slender, moraoriess cylindrical, piece — \\iehod,r), ''&ia 
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outer rod is larger and longer than the inner, the 
latt«r being slightly bent in the middle. Owing to 
the position of the rods, the two files form an arch — 
the arrM of Corti. Between it and the corresponding 
part of the basilar membrane is a space — the tunnel of 
the arch, triangular in cross section. 

479. The substance of the rods, or piUarB, of Oorta 
b bright, highly refractive, and slightly aad longitu- 
dinally striated. 

The head of the iziner rod is triangular, a short 
process extending inwards towards the inner hair-cell, 
a long process extending outwards over the head of 
the outer pillar. Outwards, the triangular head pos- 
sesses a concave surface grasping the convex surface of 
the head of the outer rod. This latter possesses a 
process directed outwards, and firmly applied to the 
outer process of the head of the inner rod, the two 
together forming part of the membrana reticularis (m 
below). 

The relation between the outer and inner rods ia 
such that the head of one outer rod fits into those of 
about two inner rods. 

480. At the foot, each rod has, on the aide direotd 
toworde the tunnel, a granular, nucleated, lump of 
protoplasm, probably the remnant of the epitbelial 
cell from which the lower half of the rod is derived; 
the upper part sometimes possesses a similar remnant, 
proving that this also has been formed by an epithelial 
ceU, so that eiich rod ia in reality derived from two 
epithelial cells (Waldeyer), 

481. Next follow three or four rows of outer Aair- 
cellg, similar in siae and structure to the inner hai^ 
cells. Each of the outer hair-cells represents a fih 
of haii'-cells, extending on the membrana basilarit 
along the whole extent — i.e., two and a-half turns— 

of the acala media. ^«£\i bair-cpll posse 
aatdeaa and a namber of &tvS tt^, qx^^\ 
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in the shape of a horseshoe in the outer part of the 
free sur&Mse of the celL 

Four, and even five, rows of hair-«el]s fWaldeyer), 
arranged in an alternating manner, are found in 
man. 

The outer hair-cells are also called the cells of 
Corti; they are conical, and more or less firmly con- 
nected with a nucleated spindle-shaped cell — the cell 
of Deiters. The two cells are more or less fused 
together in their middle part (Nuel). The cell of 
Oorti is fixed by a branched process to the membrana 
basilaris, while the cell of Deiters sends a process 
towards the surface, where it joins the membrana 
reticularis {see below). 

482. Farther outwards from the last row of outer 
hair-cells are columnar epithelial cells, called the outer 
aupporiing cells of ffensen ; they form the transition 
to the epithelium lining the outer angle of the scala 
media^ t^e., to the cells of Claudius. 

In the guinea-pig, the outer supporting cells in- 
ciude &t globules. 

483. The medullated nerve^bres, which we 
traced in a former page to the margin of the lamina 
spiralis ossea, make rich plexuses in this, and pass 
through holes in it, in order to reach the organ of 
Corti on the membrana basilaris. Looking from the 
BWcisLce on this part, we notice a row of holes — the 
habentUa perforata of Kblliker — a little to the inside 
of the region of the inner hair-cells. Numerous 
primitive fibrilke pass there among small nucleated 
cells situated imdemeath the inner hair-cells : these 
are the granular cells. Some of these nerve-fibrillsB 
— the inner bundle of spiral nerve-fibres — ^become con- 
nected with the inner hair-cells; while others — ^the 
three outer bundles of spiral fibrils (Waldeyer) — pass, 
between the inner rods of Corti, right through the 
tunnel ; and, further, penetrating \ieV.^^iesi \5cl<^ ^x^ist 
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rods of Corti, they reach the outer hair-cells, with 
which they become connected (Gottstein, Waldeyer). 

4S4. In cannectiou with the Oiit«r process of the 
head of the inner and otit»' rods of Corti, mentioned 
above, in an elaKtic hyaline membrane— the lamina 
or membroTia TetimilariB. It eitendB outwards over 
the organ of Corti to the supporting cells of Hensen, 
and posisessea holes for the tops of the outer hair-cells 
and their haira. The parts between the rods of Cortd 
and between the outer hair-cells appear of the shape of 
phalanges — phulanges of Deitera. A short cuticalar 
membrane extends from the head of the inner rod of 
Corti inwards to the inner supporting cells : It possesses 
holes for the tops of the inner hair-cells. 

485. From the vestibular labium of the crista 
spiralis to the outer hair-cells of the organ of Oarti 
extends a peculiar £brillated membrane — the men*- 
irana. tecltrria. By means of it the sulcns epiiulis 
intemuB ia bridged over, and bo converted into a 

48fi. As we BBcend towards the top of the cochlea, 
all parts in the scala media decrease gjaduaJly in siza. 
The organ of Corti, being of an epithelial tiatorc^ 
]K)ssesses no blood-vessels. Prom the anatoniiail 
relations of the organ of Corti, it appears moat pn>- 
bable that the pillars, or rod«, of Corti act as the 
supporting tissue, or framework, around which the 
other elements are grouped ; and it seems likely 
that the hair-cells, with their rod-like hairs projeotoiil 
freely into the endolymph , are the real sound-perc«aving 
elements of the organ of Corti. Their connectiMi 
with tlie terminal librill«e of the nerves points in (lie 
some direction. 
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CHAPTER XLII. 

THE NASAL MUCOUS MEMBRANE. 

487. The lower part of the nasal cavity is lined 
with a mucous membrane, which has no relation to 
the olfactory nerve, and therefore is not connected 
with the organ of smell. It is covered with a strati- 
fied, columnar, ciliated epithelium of exactly the same 
nature as that of the respiratory passages — e,g,y the 
larynx and trachea. Large numbers of mucous secret- 
ing goblet-cells are met with in it Below the epi- 
thelium is a thick hyaline basement membrane, and 
underneath this is a mucosa of fibrous tissue, with 
numerous lymph corpuscles in it. In many places this 
infiltration with lymph -corpuscles amounts to diffuse 
adenoid tissue, or to perfect lymph foUicles. 

488. The mucosa contains in its most superficial 
layer the network of capillavies, but in the rest it 
includes a rich and conspicuous plexus of venous 
vessels. 

In the deeper parts of the mucous membrane — 
i,e,y in the submucosa — are embedded smaller and 
larger glands, the ducts of which pass through the 
mucosa, and open on the free surface. Some of the 
glands are mucous ; others are serous. In some cases 
(e.^., guinea-pig) almost all glands are serous, and 
of exactly the same nature as those of the back of 
the tongua In some places the mucous membrane is 
much thicker than in others, and then it contains 
larger glands, and between them bundles of non-striped 
muscular tissua 

489. In the upper or olfactory region (Fig. 165) 
of the nasal cavity, the mucous mesiiV^T^si^ S& <i^ ^ 
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different tint^ being more of a brownish colour ; i* 
contains the ramificationa of ttie olfactory nerve, and 
is the seat of the organ of smell. 

490. The free sur&oe ib oovt^rad with & cotiu 




epi'tbelium, composed of the following kinds of cells 
I (Fig. 166):— J 
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conical, epithelial eelU, each with an oval nuclena. In 
some places the free surface of these cells is covered 
'with a bundle of cilia, ninii lnr to the superficial cells 
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of the respiratory part of the nasal cavity ; in most 
places, however, the cilia are absent ; the former 
condition obtains in those places wMch are in close 
projtimity to the respiratory region. 

(6) Between the epithelial cells extend spindle- 
shaped cells, each with a Bpherioai, w ■^fet^ "Sa^^^ 
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oval, nucleus — the eenaory cells (Max Schultae). f 
Each cell sends one broad process towards the &ee 
surface, over which it projecta in the shape of a small 
bundle of shorter or longer rods; whereas a fine 
varicose filament passes from the cell body towards 
the mucosa, and, as shown first by Ml Schultze, be- 
comes coonected with a fibrilla o£ the network of the 
olfactory nerve-fibres. 

(e) In some places thei* lb a deep layer of epithe- 
lial eelU, each with a spherical nucleus, of an inverted 
cone in shape, their pointed exti-emity passing be 
tween the other cells just mentioned and their broad 
basis resting on the baaement membrane. Von 
BiTinn has shown that there is on the free Hiirface of 

I the epithelium a sort of cuticle — a delicate limitans 

externa. 
491. The mucous membrane is of loose texture, 
and contains a rich plexus of bundles of olfactory 
nerve-fibres, extending chiefly in a direction parallel 
to the Burface. Each olfactory nerve-fibre is non- 
medullated, i.e., is an axis cylinder composed of minulo 
or primitive fibrilla;, and invested iu a neurilemma with 
the nuclei of the nerve corpuacles. Near the aui&co 
the fibres of the plexus are thiu, and they split np 
into the constituent fibrils which form a network ; into 
this pa^ the fine varicose processes of the sensoiy 
L cells above named. 

I 492. The blood-vessels supply with capillary net- 

I worhs the superficial part of tjie mucous membrane 

' and the numerous glands. These are the glands oj 

Bovwtan, extending through the thickness of the 
mucous membrane. They are tubes, slightly branched, 
and gradually enlarging towards their distal end ; is 
some parts they are more or less atraighL In etrw- 
tare tJiey are identical with serous glands, posseasiiu 
a minute lumen, and \)ei.nj lined with a layer w 

Kiar albuminous cells. I^ve iitft. Sa ^-^onA^^ 
^. ,_ Jl 
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canal; it is that part of the gland that is situated 
in the epithelium of the free surface ; it passes verti- 
callj through this, and consists of a fine limiting 
membrane, the continuation of the membrana propria 
of the gland-tube, and a layer of very flattened epi- 
thelial cells. 

493. There is a definite relation between the 
size and number of the bundles of the olfactory nerve- 
fibres, the thickness of the olfactory epithelium, and 
the length of the gland-tubes. The size and number 
of the bundles of the nerve-fibres are determined 
by the thickness of the epithelium — i.c., by the 
number of the sensory cells ; the number and thick- 
ness of the olfactoiy nerve bundles determine the 
thickness of the mucous membrane, and the thicker 
it is, the longer are the glands of Bowman. 

494 The organ of Jacobson is a minute 
tubular organ present in all mammals, and, as has 
been shown by Dursy and Kolliker, also in maiL In 
mammals it is a bilateral tube, compressed from side 
to side, and situated in the anterior lower part of 
the nasal septum. Each tube is supported by a 
hyaline cartilage, in the shape of a more or less 
plough-shaped capsule — the cartilage of Jacohson 
' — and opens in front directly into the nasal furrow 
(guinea-pig, rabbit, rat, &c) ; or it leads into the canal 
of Stenson (dog), which passes through the canalis 
naso-palatinus, and opens immediately behind the 
incisor teeth on the palate. In all instances, how- 
ever, it terminates posteriorly with a blind ex- 
tremity. 

495. The cavity of the tube is lined with stratified 
columnar epithelium, which on the lateral wall is 
ciliated in the guinea-pig and dog, and non-ciliated in 
the rabbit. The median wall — i.e., the one next to 
the middle line — is lined with olfactory epithelium, 
identical with that of the olfactory regioiv oi \Xi^ tas£s\ 
w 
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cavity. Bi-anches o£ olfactory nerve-fibres also pass 
into the mediaa wall, and bdiave in exactly the same 
manner as in the olfactory region. Numerous serous 
glands — belonging chiefly to the upper and lower 
wall — open into the cavity of the organ of Jacobson. 

In the lateral wall there is in many instances a 
plexus of veins, extending in a longitudinal direction, 
and between tbe vessels are bundles of non-striped 
muscular tissue, thus constituting a sort of c 
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496. I. The hf-pophysls cerebrL — The tipper 

or smaller lobe belongs to the centra! nervous system. 
The lower or larger lobe ia surrounded by a fibrous 
capsule, wlu<^ sends numerous m inut^ septa into the 
interior. These split up into numerous trabeoulss of 
fibrous tissue, which, by dividing and retUniting, form 
a dense plexus, with smaller and larger, spherical or ob- 
long, or even cylindrical spaces — the alveoli In thes? 
lie spherical or oblong masses of epithelial cells. These 
epithelial cells are columnar, p3Tamidal, of polyhedral, 
each with an oval or spherical nucleus. Between the 
epithelial cells of the same group are foand here and 
there small branches! or spindle-shaped cells, wtlji a 
small flattened nucleus. In some of tiie groups OT 
alveoli of epithelial cells is a cavity, a sort of liuntai, 
filled with a homogeneous gelatinous eabstance. 

The interalveolar connective tissue contains s 
network of capillaries. Between the alveoli and tiis 
interalveolar tissue there are lymph sinnses, like those 
arouijrf the alveoli of ot\iet g\s.nds— a.(/., the aalivarjr 
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497. II. The llirrold gland (Fig. 167).— The 
firamework at tiaa gland ia in many respects similar 
to that of otiier glands, there being au outer fibrous 
cap«ale, looker and thinner septA, and finally the fine 
trabecnltt forming the septa between the gland alveoli 
Theae aro cloaed veneUs of a spherioal or oval shape, 
and of various sizes. Each veaicle is lined with a single 
layer of polyhedral or 

columnar ^ithelial cells, i^;-___^^ 

each witii a spbencal or ^.^^^ 3^^^^ " 

oval nucleus. There is a ^. 

cavity, which difiera in size 

acconling to the siee of the 

vesicle. It oontams, and 

IS more or less filled with, 

a homogeneous, vucid, albu 

minous fluid — the so-called 'i 

oolloid. In this often 00- 

our degenerating nucleated gi- ia7 -Prom > tootCon 

lymph - corpuscles and thrai^li the Thyroid Qlaad 

ooloured blood - corpuscles mi b 

(Baber). ''ti?™^Ji«'™rr°!?ui!S 

498. The vesicles are j^^ mm^ai^iffM im 
sotTOunded by networks of tweendogUndTesioiw. 
blood capillaries. In the 

connective tissue framework lie networks of lym- 
phatics; between the framework and the sui-Eace of the 
vesicles are lymph sinuBes lined with endothelium 
(Baber). The lai^ and small lymphatics are often 
filled with the same colloid material as the vesicles, 
^id it is probable that this colloid material is produced 
in the vesicles, and carried away by the lymphatics, 
to be finally disohaiged into the circulating'blood. 

499. Its formation in the vesicles is probably due 
to an active secretion by the epithelial cells (^ the 
vesicles, and to a mixture with it, or maceration by 
it, of the effused hlood mentioiied a.\Kiv^ \'a. wKas> 
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t Baber found the amount of Mood effused 
into the cavity of 
the vesicles very 
considerable, and 
hence it is justifi- 
able to assume that 
the deatruotion of 
red blood-corpus- 
cles forms one of 
the functions of the 
thyroid gland. 
J 500. III. The 

s np rarenRi 
bodies (Fig. 168). 
— The suprarenal 
body ia enveloped 
in a fibrous cap- 
sule; in connection 
with this are septa 
and traheculfe pass- 
ing inwards, and 
they are arranged 
difierently in the 
cortex and in the 
medulla of the 
ffland, as will be 
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The mrtex of 
the gland consists 
of an outer, mid- 
dle, and inner 
<a^ zone, all three be- 
ing directly con- 
tinuous with one 
another. The outer 



the 
contains nwmtvous ^-^trasi. 
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more oommonly, elongated, masses of epithelial cells. 
The cells are polyhedral or cylindrical, each with a 
spherical or ovid nucleus. In some animals — as the 
dog, horse — the cells are thin and columnar, and 
arranged in a transverse manner. Occasionally a sort 
of himen can be discerned in some of these cell masses. 

501. Next follows the middle zone, or TMna 
fcucicuiaJkk This is the most conspicuous and 
broadest part of the. whole gland. It consists of 
vertical columns of - polygonal epithelial cells, each 
with a spherical nucleus. The cell substance is trans- 
parent, and often contains an oil globule. The columns 
anastomose with their neighbours. Between the 
columns are fine septa of connective tissue carrying 
blood capil]arie& 

Between the cell columns and the connective septa 
are seen here and there lymph spaces, into which lead 
fine channels, grooved out between some of the cells of 
iha columns. 

502. Next follows the inner zona, or zona reticu- 
iariSf composed of smaller or larger groups of poly- 
hedral cells, with more or less rounded edges. These 
cell-groups anastomose with one another. The indi- 
vidual cells are slightly larger, and their substance is 
less transparent thaji those o£ the zona f asciculata. In 
the human subject they are slightly pigmented. 

503. In the medulla we find cylindrical streaks 
of very transparent cells ; the streaks are separated by 
vascular connective tissue. The cells are polyhedral, 
columnar, or branched. These cell-sti*eaks anasto- 
mose with one another, and are directly continuous 
with the cell-groups of the zona reticularis of the 
cortex. 

504. The cortex is richly supplied with dense 
networks of capillary blood-vessels ; their meshes are 
polyhedral in the outer and inner zone, elongated in 
the middle zone, or zona fasciculata. In \k^ \si^v^&s5» 
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niimei'oua plexuses oE reins are met with. In tbe 
ueuti'e of Uie stiprorenai body lie the large ellerent 
vecoua trunka In the capsule (Kiilliker, Arnold), 
and in the connective tissue around the central veins, 
are plexusea of lynipha,tio tubes with valves. The 
Derves are very numerous, and composed of non- 
medullated fibres ; ia tbe medulla they form rich 
plaxuses. la connection with these and with those of 
the outer capsule are small ganglia (Holm, Ebertb). 

505. IV. The glaDduin coccygea and in- 
lercarotica. — ^The first of these is a minute corpuscle 
situated in front of the Bpei of the os coccygis, and 
was discovered by Luschka. The glandula carotica 
of Luschka (ganglion intercaroticum) is of exactly the 
same structure as the glandula coccygea, 

506. Its framework. i& of about the same nature as 
tluit of other glands — a fibrous capsule and inner 
(ibrous septa and trabeculce, Thesepta and trabeciilie 
contain in soma places bundles of non-atri|ied muscular 
tissue (Sertoli). 

607. The spaces of the framework are occupied by 
the parenchyma. This consists of spherical or cylin- 
drical masses of cells coonected into networks. The 
individual cells are polyhedral epithelial cells, each 
with a spherical nucleus. According to Luachka, in 
the new-bom child they are ciliated. In the centre 
of each of the cell-massea lies a capillary blood-vesee), 
much convoluted Eind wavy. 

Numerous non-medu Hated nerve-iibres forming a 
plexus are situated in the framework of the glanil. 
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Achromatin, 9. 

Acini of glands, 18», 182. 

of liver, 211. 

of pancreas, 209, 
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tissue, 92. 

Admaxillary glands, 179. 
Adventitia of arteries, 76, 78L 

of capillaries^ 80^ 98. 

of Tfflns, 79. 

lymphatic vessels, 102. 

Afrminated glands, 96. 
Air cells, 220. 
Ala nasi, 46. 
Albogrinea of ovary, 258. 
Albumin membrane of AschersoB, 
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Albnminons cells, 183. 
Alveolar cavils, 171, 178i 
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Alveoli of glands, 180, 182. 
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Aorta, 65, 78. 
Aponeurosis, 32. 
Aqueductus cochleee, 821 

Sylvii, 160, 160. 

vesfciboli, 82L 

Arachnoid membrane of spinal 

cord, 127. 

of brain, 149. 

Arachnoidal villi, 149. 
Areolar tissue, 83. 
Arrector pili, 64, 287. 
Arterice ciliores beeves, 90S. 

recurrentes, 305. 

helicinse, 256. 

rectee, 242. 

Arteries, 65, 76. 
Arterioles, Afferent, 40, 5L 
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Arterioles of ovary, 267. 
Articular cartilage, 47, 60.. 
Articulation nar7e-c<Hpu8cl6S,121. 
Arytenoid cartilage, 215. 
Ascending loop-tnbe, 238. 
Astt-r stage in nnclens, 81 
Auditory hairs, 324. 

nerve. Origin of, 149. 

, Division of, 148. 

teeth, 328. 

Auerbach's plexus, 170, 201, 207. 
Auricle of heart, 76. 
Auriculo-ventricnlar valves, 75. 
Axis cylinder, 107. 

loocess of sympathetic 

ganglion oeU» 169. 

Bartholin's glands, 270i 
Basement membranes of skin, 277. 
Basilar membrane of cochlea, 327, 

328. 
Bellini's ducts, 239. 
Bile-duct, 213, 214. 
Bile cajnllaries, 213. 
Bilirumn, 13. 
Bladder, 64, 243. 
Blastoderm of chick, 2. 
Blood, la 

corpuscles, 10, 19. 

, their origin, 15. 

glands of His, 92. 

plates ct Biuozero, 15. 

vessels in grey mattor, 151. 

Bone, 50. 

, Development of, 55. 

cartUage, 50l 

cells, 31, 53. 

trabeculsB, 54, 

- — corpuscles, 53. 
Bowman's capsule, 231. 

elastica anterior, 44. 

glands, 896. 

membrane, 295. 

sarcons elements, 68. 

Brain membranes, 149. 
Brainsand, 163. 
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Contraotilily of corneal oor- 
pofldeB, 87. 

of pigment cells, 28. 

ConTolntion in brain, 157. 

in nucleus, 8. 

Cord» tendinecB, 75. 
Cords of adenoid tissue, 94. 
Cknrium, 274. 
Cornea, 20, 295. 

nerves in, 297. 

Corneal cells, 36. 

corpuscles, 84, 297. 

Coma Ammonis, 158, 159. 
Comua uteri, 267. 
Corona radiata, 168. 
Corpora albicantia, 161, 163. 

caTcmosa, 65, V^^. 

quadrigemina, 16). 

striata, 161, 162. 

Corpus callosum, 167. 

Highmori, 244. 

luteum, 262. 

restif orme, 144, 142. 

spongiosum, 255. 

Corpuscles, Malphigian, 227, 233. 

of blood, 10, 18. 

of bone, 53. 

of connective tissue, 36. 

of Grandry, 120. 

of Herbst, 115, 118. 

of lymph, 90, 93. 

of Meissner, 115, 118. 

of muscle, 70. 

of nerve, 108. 

of Pacini, 115; 121, 291. 

of Vater, 115. 

, Tactile, 116, 118, 

Corti's arch, 330. 

cells, 83L 

ganglion, 326. 

rods, 3^. 

CortioBl Uyer of ovary, 258. 

lymph-sinns, 101, 

Costal cartilages, 46. 

pleursj 89. 

Cowper's glands, 254, 270. 
Cremaster intemus, 252. 
Crescents of Gianuzzi, 183. 
Cricoid cartilage, 46. 
Crista acustica, 323. 

spiralis. 327. 832. 

CruB cerebri, 142, 161. 

, Crusta of, 168. 

CruBta petrosa, 171. 
Crypts, 95. 

of Lieberktihn, 203, 209. 

Cuticle of Nasmytfa, 172, 177. 
Cutis anserina, %Q, 
vera, 274. 



Cystic duct, 65. 
Cytogenous tissue, 9S. 

Deiters' cells, 150, 331. 

phalanges, 382. 

processes, 141, 145. 

Demilunes of Heidenhain, 183. 
Dentinal canals, 173. 

fibres, 62, 173. 

sheaths, 173. 

tubes, 62; 

Dentine, 62, 172, 173. 
Descemet's membrane, 44. 
Diapedesis, 82. 
Diaphragm, 73, 88. 
Diaster stage in nucleus, 8. 
Diffuse adenoid tissue, 98. 
Dilatator, 65. 

pupiilsBj 302. 

Direct division, 7, 9. 

" Disc taotil," 121. 

Discus proligerus, 261. 

Disdiadasts, 74. 

Distal convoluted tubes, 238. 

Division, Bemok's mode of, 7. 

Doybre's nerve>mount, 125. 

Ductless glands, 338. 

Ducts of pancreatic irland, 65. 

of salivary gland, 65. 

Ductus elaculatorii, 258. 
Dura mater, 127. 
Dural sheath, 317. 

Ear, External, 818. 

, Internal, 320. 

Efferent lymphatics, 102. 

medmlated nerve-fibres, 116. 

veins, 40. 

Elastic fenestrated membrane of 

Henle, 44. 
Elastin,43. 
Electric nerve. 111. 
Eleidin, 20. 
Elementary fibrills, 107. 

fibrils, 82. 

organisms, 4. 

Enamel, 171. 

cap, 175. 

cefis, 175, 177. 

organ, 175, 177. 

prisms, 171. 

End-bulbs of Transe, 115, 119, 

294. 
Endocardium, 74, 76. 
Endochondral formation of bone. 

55. 
Fndolymph, 321.- 
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Glassy membrane, 2^1. 
Glisson's capsule, 210. 
GlobQliB, 12. 
Glomerule, 159. 
Glutin, 31, 33. 
Glycogen. 14. 
Goblet cells. 18, 22. 
Graafian follicles, 258, 268. 
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150. 

layer of Purkinje, 174. 
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sheath of nene-HbrBs, 10?, 

108. 
Ueilallatad uerTS.ab»ii, KM, U^ 

Meibomian e1>">^. ' 
MeiBBoef 'a oorpuBcl«q, lOL 

plenis, ITB, Ml, 207. 

MembtBna bamlarli, 327, 8! 

cborio-cardllaH 

DeaceineQ, 3»7 



- nipiH-chOHndak, aOLJl 

- taotMia, as*. " 

- trmpsni, 318. 
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Milk, 273. 

— globnlos, 272. 

tooth, 177. 

Modiolus, 320, 326. 
Motor ganglion cells, 141. 
MoTement tA cilia, 22. 
Mnein, 23. 
Mucosa, 189. 

^1 Lymph follicles of, 200. 

Mucous ceUfl, 183. 

glands, 179, 191. 

membrane, 189. 

Muco^nHyary glands, 179. 
MuciM, formation of, 23. 
Mailer's fibres, 310. 

muscle, 300. 

Muscle bundles, 64. 

cells, 64. 

o^npuscles, 70. 

fibres, 63, 72. 

tissue, stopped, 66, 189. 

. Kon-striped, 63, 65. 

Mnscolar compartments, 67. 
Mnscularis externa, 196. 

mucoss, 64, 195. 

Mosctxlus oiliaris Biolani, 292. 

Mjeloplaz, 6. 

Mjeloplazes of Bobin, 51, 62. 

Kail, 288. 

ceUs, 289. 

groore, 288. 

substance, 289. 

Nasal mucous membrane, 333. 

septum, 46. 

Nerve bundles, 104. 

corpuscles, 106. 

end plate, 124. 

endmgs, 112, 115. 

fibres, 103. 

plexus. 106. Ill, 114. 

Network of flbriUsB, 111. 
Neurilemma, 106. 
Neuroglia, 133. 
- — cdls, 133. 

fibrils, 138, 150. 

of Virchow, 45^ 

tissue, 130. 

Nenrokerat&i, 107, 100, 135, 813. 

Nipple, 65. 

Non-medollated nerre-fibres. 111, 

114. 
Norris's blood ocnrpusdes, 13. 
Nuclear layer in bulbns olfao- 

torius, 150. 

zone, 306. 

Nuclein, 6. 

Nucleoli, 6. 

Nucleus, Stmoture of, 6. 



Nucleus oaudatus, 162. 

cuneatus, 147. 

dentatus, 147. 

gracilis, 147. 

lenticularis, 162. 

Nudei, Inner, ox retina, 311. 

, Outer^f retina^ 312. 

NymphSB, 270. 

Odontoblasts, 173, 174^ 177. 
(Esophagus, 194. 
Oil-^obule, 89, 40. 
Olfactory cells, 336. 

nerves, HI,. 150. 

Olivary bodies, 143. 

nucleus. 147. 

Omentum of cat, 29. 

of frog, 89. 

of guinea-pig, 40. 

of rat, 32. 

. Structure of, S3. 

Optic nerve, 317. 

nerve>fibres, 310. 

tract, 162. 

vesicle, 316. 

Ora serrata, 310. 

Organ of Corti, 328, 829, 832. 

of Giiald6, 25L 

of Jacobson, 837, 838L 

Ossein, 58. 

Osseous labyrinth of ear, 321. 

lameUsB, 52. 

substance from osteoblasts, 

61. 
Ossicula auditus, 319. 
Ossifying cartilaf^e, 48. 
Osteobliurts forming bone, 50, 57, 

6L 
Osteoclasts, 62. 
OstecMfenetic layer, 40. 
OtolilLi, 324. 
Oval nucleus, 39. 
Ovary, 65, 257. 

i Development of, 263. 

1 Lymphatics of, 268. 

, Nerves of, 268. 

Oviduct, 65, 265. 
Ovum, 1, 250. 

Pacinian corpuscles, 115,-181, 891. 
Palate, 187. 
Palms plioatn, 266. 
PalpebrsB, 293. 
Pancreas, 206, 209. 
Papilla drcumvallata, 192. 

fiUformis, 191. 

foliata, 193. 

fungiformis, 191. 

nervi optiei, 303. 
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PvniDif of Pemiu, ffiS. 
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Peptic glandi, 107. 
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BeteH>i]piEUi,lS. _^^_ 
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Poripharal Dflna-eodingi, US, IIS, 


PcritonraJ cavlldes, S8, 


— fslind 'spot of. SOe. ^^W 


PsrilODflimi. BS, 
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— 6^0 «, . 


, OmogliOD nll> 1^. 311. 


, Ljioplutla oi, S17. 
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Payar'H gUnda, 95, K)5. 


Soda UDdcDBeii. 313. 




Bollet'9 swuDduT imbitHis. «& 


^?^^&!w,n«. 


HoMReme.inDacIe™.8. 


Pl»m«t«r'e0,'l27, 




PU<<ti»ti<,317. 


Succnlea, aai, 323. 


Pigment cells, Sa, 37. 




■:sa;vm 


="^^£_*.,„ 




Pleun] OBvitis', 88. 






[Dnoti of, 180,°' 


TBIU»U> TujuliB. ESS. 

PHao tUIou, WI, KOI. 


— , LobB5 of , 180. 


— — : Lohol™ of. 180. ^ 




P™ Tuolli. lU, 163, 15*, 159. 




Portlo I^fli^, 300. 


Seals trmpui, 3». ^^H 


— viwinalia olari, 388. 
FoBtenar nerre roote from tnicol 


— T«.(ieiiii.sao. ^^^H 




crarJ, ISB. 


S.i]iwum'« cell*. 5. ^^^| 




Scleroli,:. W». ^^^m 


ftiniifiVo deiiljii grooTB. 175. 


SsIcUua.M. ^^^^H 


1 Uluilte, lOT, 111, 138. 
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Semidrciilar oanals, S20, 322. 
Semilunar valves, 75, 86. 
Seminal cells, 247. 

tubules, 246, .252. 

Sensory ganglion oeUs, 141. 
Septum cistems lymphatioe, 90. 
Serous glands, 178, 1^ 

membranes, ^. 

Sesamoid oartOagee, 48. 
Sharpey's perforating fibres, 54. 
Sheath ol Henle, 116, 119. 

of Schwann, 108. 

Simple ads cylinder.^, Ill, 114. 

lymphatic glands, 92. 

Skin, 274. 

blood-vessels of, 289. , 

lymphatics of, WS. 

nerves of, 290. 

Solitary glandis. 95. 

lymph follicles, 205. 

Spaces ox Fontana, 299. 
Spermatoblasts, 247. 
Spermatozoa, 249. 
Sphincter papiUee, 901. 
Sphincters. 65. 
Spinal cord, 127. 

grey matter, 128, 136. 

white matter, 128, 130. 

Spiral tubule, 237. 
Spleen, 225. 

, Capsule of, 225. 

, Lymphatics of, 229. 

, iJerve-fibres of, 229. 

, Parenchyma of, 226. 

, Pulp of, 226. 

, Bed blood corpuscles of, 16. 

, TrabeculflB of, 226. 

Spongy bone substance, 54. ^ 
Squamous epithelial ceUs, 18. 
Sternal cartilage, 47. 
Stigmata, 82. 
Stomach, 196. 
Stomata, 29, 82, 89. 224. 
Stratified columnar epithelium, 

21. 

pavement epithelium, 20. 

Stratum adiposum, 276. 
— - cinereum, 160. 

comeum, 19, 274. 

gelatinosum, 159. 

glomerulosum, 159. 

lucidum, 19. 

Malpighii, 274. 

opticum, 160. 

Stria vascularis, 328. 

Stroma, 12. 

Subarachnoidal spaces, 88, 127, 

150, 318. 
tissue, 128. 



SubcntameouB lymphatics, 88. 

Subcutaneous ossue, 275. 

Subdural spaces, 88, 127, 150. 

Subendocardial tissue, 74, 75. 

Subepithelial endothelium of Be- 
hove, 85. 

Subhyaloid cells, 307. 

Submaxillary ganglion, 163. 

Submnoosa, 1^. 

Submucous lymphatics, 88. 

Snbpericardial nerve branches, 
76. 

tissue, 74. 

Substantia gelatinosa, 184. 

nigra, 161. 

SubvaginaJ space, 318. 

Sudoriferous canal, 276, 277. 

Sulcus hippocampi, 159. 

spiralis, 327, 328. 

Superior piadnnoalus oerebeUi, 
162. 

Suprachoroidal tissue, 300. 

Suprarenal bodies, 340. 

Supravaginal space, 318. 

Sweat glands, 65, 276, 290, 

Sympathetic svstem, 166. 

Synovial cavities, 88. 

Tactile corpuscles, 115, 118. 

hairs, 286. 

Tapetum nigrum, 301, 808, 305, 

315. 
Tarsal plate, 292, 203. 
Taste buds, 193. 

cells, 193. 

goblets, 193. 

Teeth, 171. 

cement, 174. 

development, 175. 

pulp, 174. 

Tegmental ce'ls, 198. 
Tegmentum, 160, 161. 
Teichmann's o^vstals, 18. 
Tendon cells, 38. 
Tendons, 87. 
Tenonian capsule, 818. 

space, 318. 

Tensor choroidesB, 300. 
Teirminal bronchi, 221. 
Testis, 244. 

Thalamenoephalon, 161. 
Thalamus opticus, 157, 161, 162. 
Thoracic duct. 84. 
Thymus follicles, 96. ^ 

gland, 96. 

Thyroid cartilage, 46. 

ghmd, 339, 340. 

Tongue, 190. 

serous glands of, 191. 
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Tonsils, 05. 

Toach-oells of Mfrkel, llS, 119. 

-0(»rpascl6s of Mf rkelj 120. 

TrabecouB oamesB, 75. 
— of lymphatios, 65. 
— ^ of spleen, 65. 
Trachea, 46, 65, 817. 
Traotds olfactorins, 150. 

options, 162. 

Transitional epithelinm, 21. 
Tuba Enstachli, 810. 
Tnber cinerenm, 161, 163. 
Tnberele of Bolimdo, 145. 
Tubes of epididymis, 252. 
Tnnioa adnata, 244. 

albngineH, 244. 

dartos, 65. 

fibrosa, 261. 

propria, 828. 

Tagmalis, 244. 

Tyson's glands, 255. 

Urea, 801. 
Ureter, 280, 248. 
Urethra, Female, 260. 

: , Male, 254. 

Urinary tnbules, 2^ 
Uterus, 64, 265. 
Utricle» 821. 

Vacn'na, 65, 268. 
Varicose nerve-fibres, 110. 
Vas deferens, 65, 252. 

rectum, 250. 

Vasa efFerentia, 250. 
Vascularisation of cartilage, 55. 
Vater's corpuscles, 115. 
Veins, 65. 

, Intima of, 70. 

, Media of, 70. 

of the bones, 78. 



Veins- of the Jbrain, cord, gravid 
uterus, membranes, and retina, 
80. 

, Valves of, 70. 

Vena axillaris, azygos^ <^^ *^'^' 
ralis, hepatica, mtima, iliaca, 
mesentenoa, poplitea. renalis, 
spermatica, axid ombilioaliB, 80. 

jugularis, and subclavia, 70. 

Vens rectsB, 242. 

BtellatflB, 242. 

vortioossB, 805. 

Venous xadides, 227. 

sinuses. 227. 

Ventricle, Fourth, 148. 

Ventricles, 76. 

Vesiouke seminales, 65, 252. 

Vestibulmn, 270. 

Virchow's crystals, 18. 

Visceral pericardium, 74. 

peritoneum, 104. 

Vitreous bodj, 807. 

White blood corpuscles, 13, 16. 

commissure, 185. 

fibrous tissue, 80, 81. 

substance of brain, 151. 

of cord, 110. 

of "Schwann, 107, 108. 

WolfiSan body, 258. 

Wreath arrangement of nnolens, 8. 

Yellow elastic cartilage, 40. - 
tissue, 43. 

Zona fasoionlata, 841. 

^jrlomeruloea, 840. 

X>oU^<^^t 8w. 

reticularis, 841. 

vasoulosa, 257. 

Zonula oiliaris, 807. 
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